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US 3,867,512 discloses a preparation of zeolite Lfrom a reaction mixture having a molar composition: 

K 2 0/(K 2 0+Na 2 0) 0.3—1 

(K 2 0+Na 2 0)/Si0 2 0.3-0.6 

5 SiOa/AlaOa 10—40 

H 2 0/(K 2 0+Na a O) 15—140 

in which the silica source is a gel having at least 4.5 weight percent water and prepared in a particular 
manner. 

"> L Wilkosz in Pr Chem 409 (1974)— Chemical Abstracts, 90 (1979) 573478 describes the preparation of 
zeolite L from a synthesis sol prepared by treating a solution containing silica, potassium hydroxide and 
sodium hydroxide with a second solution containing potassium aluminate, potassium hydroxide and 
sodium hydroxide and crystallizing for 72 hours at 20°C and 122 hours at 100°C. The zeolite L product has a 
Si0 2 :AI 2 0 3 ratio of 6.4:1, derived from input stoichiometrics having §\OJk\ z O z ratios between 15 and 30. 

« G. V. Tsitsishvilli et al. in Doklady Akademii NaikSSSR, 243, 438-440 (1 978) describe the synthesis of 
zeolite Lfrom alumine-silica gels containing tributylamine. The gels used had the following molar ratios: 

Si0 2 :AI 2 0 3 25 

(K a O+Na 2 0):AI 2 0 3 18 

20 (K 2 0+Na 2 0):Si0 2 0.72 

H 2 0/(K 2 0+Na 2 0) 20 

K 2 0:Na 2 0 0.5 

Y. Nishiimura in Nippon Kagaku Zasshi, 91, 1045-9 (1970) describes in general terms zeolite L 
25 preparation from a synthesis mixture containing colloidal silica, potassium aluminate and potassium 
hydroxide having a Si0 2 :AI 2 0 3 ratio of 15—25, but exemplifies only two synthesis mixtures having the 
following ratios of components: 



30 



7K 2 O:AI 2 O 3 :20SiO 2 :450H 2 O; and 
8K 2 O:AI 2 O 3 :10SiO 2 :500H a O. 



Other workers have prepared zeolite L from gels, mixed base systems and metakaolin. See, e.g., Aiello 
35 and Barrer - J. Chem. Soc. Dalton, 1470 (1970); Barrer etal.J. Chem. Soc Da /ton, 1258 (1972); Barrer et al., 
J. Chem. Soc. Dalton, 934 (1974); and U.S. Pat. 3,867,512 to Young. All of these syntheses, however, 
employ large excesses of reactants and do not result in stoichiometric conversions. 

US 3,297,780 describes zeolite UJ having a composition, expressed as mole ratios of oxides 
corresponding to ' 

40 

0.9±0.2R a/v O:AI 2 O 3 :5.0±1.5SiO a :wH a O 

wherein R represents at least one cation having a valence of not more than 4, v represents the valence of R 
and w can be any value up to about 5, said zeolite having an X-ray powder diffraction pattern essentially as 
45 shown in the following table: 



Interplanar spacing, d (A) Relative intensity 





16.25±0.25 
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7.55±0.15 
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6.50±0.10 
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5.91 ±0.10 
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4.61 ±0.05 
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3.93±0.05 
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3.67±0.05 
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3.49±0.05 


M 




3.29±0.05 
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3.19±0.05 


M 




3.07±0.05 
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60 


2.92±0.05 


M 




2.66±0.05 


W 



prepared by a process comprising preparing an aqueous reactant solution having a composition, 
6$ expressed as mole ratios of oxides, corresponding to 
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SiCVAiaOa of from 6 to 30, 
Ra/vO/SiOa of from 0.30 to 0.70, and 
HzO/R^O of from 80 to 140; 



GB 1.393,365 describes zeolite AGI, related to zeolite L, having the molar composition otherthan water: 



1.05±0.3 M 2 O:AI 2 O 3 :4.0— 7.5 Si0 2 



oatLTn and b P P ?nn J^k. TTW pota88ium and 8odjuf "- ■ characteristic X-ray powder diffraction 
Xture "2 too Lm a « to 2f ° f adS0 . rb i" 9 ? '\ aSt 3% W/W Perfluorotributylamine. As tt,e zeolite L pore 
structure ,s too small to allow penetration by this molecule, zeolite AG-1 cannot be highly pure zeolite L 

Summary of the invention 

d P riSrf^ Par J n9 . a rea ?'^ n mixture com P risin 0 water, potassium silicate, a source of alumina preferably 

anTSaSS saS ^TrZ^"'*"* " P t0 3 ° % by m °' e fraction of Na0H ^on tola! KOH 
following ranges: " 9 8 com P° 8ition - in tarm. of mole ratios of oxides, within the 

K 2 0:AI 2 0 3 1.0 to 3.3 

Na 2 0:AI 2 0 3 0 to 1.0 

Si0 2 :AI 2 0 3 5 to 12 

H 2 0:AI 2 0 3 80 to 140 

and 

abotiflK!?^^^!!! miXtUre ' WW,e h iS L substantIa »V homogeneous, at a temperature between 
™ Sta h • - autogenous pressures for between about 1 and 10 days to form crystals of a 

zeolrte having.a composition, in terms of mole ratios of oxides, in the range: 

1.0 to 1.1 M 2 O:AI 2 O 3 :5.0 to 7 SiO a :1 to 6 H a O 

Wh8 Th^ I 0 ' • mrXt "? ° f - K a 1 d Na where Na is no more tna " 30 mole percent of the mixture 

tfrtSLZ? erem re / UltS ln hi9her reaction efficiencies because stoichiometric or neariv 
sto.ch.ometnc conversion of reactants to products occurs. As a result, high yields of i refati?elv S 
products are obtained and undesirable effluents from the process such as excess silice andSLil 
h^ e „ a ~ m,n,mi f ed ° r e .!i m , inated - Furthermore, the low amount (5 excess bas ^fmployel in the^Seste 
herem requires less acid (such as H a S0 4 ) to neutralize the effluent MoreoveT whereas ZeoTe Un 
convent.onal methods is difficult to recover from the mother liquor^S^SllS^lS^inS 
Whor2r ll,n ! 8KB ' the . pr0duct obtained usi "9 the P rocass "*™in is easily filled f om ^ mo Sr liouJr 
80 Te ^SiSTT^S ^ Hte L Synt '? eS,S pr0Ce8Ses use expensive colloidal sEs as^S sou'^ 
kaolin 8d herem USe IOW 0051 comme «*"'y mailable potassium silicate or calcined 

Description of the preferred embodiments 

ro m 'nri^ P * OC8 ! 8 r ?P re8 , en i ed b V tnis invention a reaction mixture is prepared, generally as a slunv 
£?»^SSS m f h V d . roxide » and °P«°n«'ly 'n conjunction with ^potassium hydride u P 7o 
Scom E£d£S °5 nvdrox,de ' P referab| V n ° ™>™ than 20 mole percent of NaOH, based on 

total combined moles of sodium and potassium hydroxide. Preferably, no sodium hydroxide is Dresent 
because it promotes the formation of zeolite P and other impurities In addition: the reaction £ 
contains water, a source of alumina, and a source of silica which includes neceSi y poTasS State 
The use of potassium silicate ensures preparation of products of high purity. ^1 wa^lS^t 

aelleTvS 

gelled with sulfuric acid to precipitate potassium silicate and to destroy impurity nuclei The ael is then 
JEST rSCy 10 3 fUtUre reaCti ° n miXtUre batCh *° Which is addad PoSS sEate ana a'soLrS of 

««J5,mT , «j? Wree , ma y te 3n 3Cid 83,1 SUCn as aluminum sulfate, calcined kaolin or halloysite, or 
SrSSblvntL^Hn I-?!! 816 P : epared bV diSSOlvin9 AI *<V 3H *° ^ caustic solutions. It is mos 
preferably metakaol.n, which has a theoretical oxide formula of AI 2 0 s :2SiO 2 . Metakaolin is preferred in that 
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it eliminates gellation problems that frequently promote impurity formation. The metakaolin may be 
obtained, for example, by heating kaolin or halloysite clay, having an oxide formula of AI 2 0 3 :2Si0 2 • xH 2 0 
(x~1 or 2, respectively), at over 600°C for about two or more hours to remove the water of hydration 
therefrom and to render the structures amorphous and reactive. 

The amounts of ingredients in the reaction mixture will vary considerably depending, e.g., on the types 
of ingredients employed (e.g., the source of silica) and the particular composition ultimately desired. In 
general, however, the relative amounts of ingredients will be such that the reaction mixture will have a 
composition, in terms of mole ratios of oxides, within the following effective general and preferred ranges: 



Oxide constituents 


Range of mole ratios 


General 


Preferred 


K 2 0:AI 2 0 3 


1.0 to 3.3 


1 to 3.0 


Na 2 0:AI 2 0 3 


Oto 1.0 


0 


Si0 2 :AI 2 0 3 


5 to 12 


5 to 9 


H 2 0:AI 2 0 3 


80 to 140 


110 to 140 



Thus, sodium comprises up to 30 mole percent of the mixture in the case where sodium hydroxide is 
employed. 

The stoichiometry indicates that when potassium silicate {Si(yK 2 O=0.33) is the only source of silica 
(i.e., no metakaolin is added), part of the alumina may be added as an acidic salt (usually AI 2 (S0 4 ) 3 because 
of its ready availability and low cost). Thus the potassium in excess of the effective stoichiometry it is 
neutralized by the acidic alumina source forming potassium sulfate, which has no significant effect on the 
crystallization of zeolite L. The effective base may also be balanced by addition of the acid itself (e.g., 
H 2 S0 4 ) f in which case all of the alumina will be added as the aluminate. The most effective route is usually 
decided by cost and availability of the necessary raw materials. Although this neutralization step can be 
avoided by using silica sols or gels together with potassium silicate, in the all-synthetic preparations (i.e., 
there is no mineral metakaolin component), such sol or gel addition usually increases cost and decreases 
reactivity. As such, it is a less preferred way to achieve the claimed stoichiometry, and often yields lower 
quality products. 

The order of mixing of the ingredients is not important. However, it is essential to homogenize the 
mixture fully before reacting it to form the zeolite L 

One method involves dissolving the potassium and sodium hydroxides in the water and adding to this 
solution an alumina source and potassium silicate. When sodium and/or potassium silicate is used as the 
sole silica source, improved homogenization is achieved by adding excess H 2 0 to the silicate, then adding 
the aluminate (separately made by dissolving Al 2 0 3 in KOH and NaOH), then the aluminum sulfate or acid. 
Mixing continues throughout these additions. The reaction mixture is ordinarily prepared in a container 
made of metal or glass or the like which is preferably closed to prevent water loss, or equipped so as to 
maintain constant water levels. If mixing is done in a reactor with poor mixing efficiency, it may be 
desirable to start heating the gel slurry prior to complete addition of the components. 

After the reaction mixture is formed it is placed in a reactor where it is maintained at a temperature of 
between about 80 and 260°C, preferably 80 and 100°C for commercial purposes, to induce crystallization. 
Even though temperatures above about 100°C, and thus non-atmospheric pressures, may be used, general 
industrial practice is to operate at one atmosphere pressure. An important advantage of the process 
described herein is that the component materials are sufficiently reactive to form zeolite L in high yield and 
purity at one atmosphere of pressure (i.e., at 100°C or below) in reasonable reaction times, in addition to 
being reactive at higher temperatures. 

During crystallization the reaction mixture must be maintained in a substantially homogeneous state, 
i.e., settling of the reactant solids at the bottom of the reactor is minimized to the extent possible. For 
example, metakaolin tends to settle out of the reaction mixture if there is insufficient stirring. If the reaction 
mixture is not substantially homogeneous, the crystallized product ultimately obtained will comprise a 
mixture of products and will thus be impure. Homogeneity may be achieved by homogenization of the 
reaction mixture after it is formed by thorough blending until the desired degree of homogeneity is 
obtained. The mixing may take place in any vessel in which complete mixing can be effected such as in a 
blender or a reaction vessel equipped with an agitator. In the cases where metakaolin is not a component of 
the synthesis, stirring is not necessary during crystallization. 

Alternatively, the reaction mixture after its formation can be subjected immediately to the elevated 
reaction temperatures above prescribed, with slow stirring thereof to ensure substantial homogeneity and 
avoid settling of metakaolin and the zeolite product. The actual speed of stirring employed will vary 
depending on, e.g. # the particle size of the metakaolin. 

During heating of the substantially homogeneous reaction mixture, autogenous pressures are 
maintained which will depend on the temperature employed. For example, pressures of 1 atm may be 
adequate for temperatures at the lower range, but at high temperatures of, e.g., 120°C or more, higher 
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temperature employed and slurry composition, so that at lOCC the heating may be carried out, e.g., for up 

holn 1 " h V h ["XT 16 °° C the time penod be < e -B- 3 10 " da ^- "n general, the period of 

nrS^ ^ m t0 . 1 ,° days un *'' the maxi ™m amount of crystals is formed of the desired zeolite 
product i.e., zeolite crystals having the following range of composition: 

1.0 to 1.1 M 2 O:AI 2 O 3 :5.0 to 7 SI0 2 :1 to 6 H 2 0 

So e [L M »^. aS defi 1 ed above ' and havin 9 an x-ray diffraction pattern indicating its structure as of the Ltype. 

MwofSX?^ b8 ? 0rtened by Seedina the slurf V t0 be cr Y stalli2ed "Mi minor amounts of a 
l^Z oi .™ c } et °r "n«tals such as, e.g. f zeolite L as described in U.S. Pat. 3.216,789 or a zeolite L type 

S3.™S'?^™£ B «^ blV 'I! 6 " mH ' ed ° r cr Y° ch °PP ed to cr VStal sizes below about 0.1 micron. 
Preferably, before maintaining the reaction mixture at 80 to 160°C a zeolite is added to the mixture in an 
amount of from 0.1 to 20% by weight based on silica and alumina, the zeolite having the c^mSon,1! 
terms of mole ratios of oxides, in the range: o<*ni H u»iuun,in 

0.9 to 1.3 <Na,K) 2 0:Al a 0 3 :5.2 to 6.9 SiO 2 :0 to 9 H 2 0 

Nucleation may also be induced by aging the slurry or a portion of the slurry at about 10 to 100*0 for about 
6 hours to 6 days prior to the crystallization at 80-1 60X ««°out iuto iuu utor about 

th« -iTo^ 118 Cry ! te,S " a u e been obtained ln suff icient amount, they are recovered by filtration from 
exceS rJSrCll hfl H n w *shed Preferably with deionlzed or distilled water, to wVsh aw^y 
!«f,?r! 17,6 wash| ng should continue, for best purity results, until the wash water 

^drieSSca^nef ,ntermsofs on>tioncapadty. Afterme washing step,thezeolitecnrstals may 

k Th ? Ze0l ' te prepa 1 red ^ the P rocess of this invention, which is of the zeolite L type, mav be used as a 
sorbent or as a catalyst, e.g., in a hydrocarbon conversion process such as in^acta^g or rSSn^no 

be employed for these applications, the zeolite prepared by the above method mav be at least oartiallv 
8t temPeratUreS ° f UP tD 8bOUt 500 ^ ° r ™ re »*' -os?o Y raH of'r JS?S 

««iL^ y . a t l . S . 0j>e i eSi r able to . exchanae part or all of the potassium (and optionally sodium) cations in the 
zeo rte structure with other cations or to use the acid form of the zeolite containing hydrogen as cation 

throuoh vl^ oTt^pL 6 ^ °t M rth i S i Urp . 0 . SB inc,ude anv -*™ of metals selertVdfro^ 
through VIII of the Periodic Table. Preferably, such cations include mono-, di- and trivalent metal ions 
particularly those of Groups I, II and III such as barium, sodium, potassium, caSum * Sum Hthium' 
magnesium, strontium, and zinc ions, and other cations such as rare earth? amnSum aTd 

ooJSSc^ * ™ - ™«°" of salts or 

for r^n^fh? 6 ^!^ hereir J reP resen .te an improved, efficient and environmentally sound procedure 
for preparing the zeolite since there is little waste of the reactants employed, the oroduct is readilv 

SZereia'r ** " qUOr ' ""' the raW materia,S are relative, V 

The examples which follow illustrate the efficacy of the invention. In all examoles nart« «nrf 
percentages are given by weight and temperatures in degrees Centigrade uis ZKotS 

Example 1 

added*™ ? ^^^J'" a " ?,? % a ^ eous .solution) was dissolved in 431 g of H 2 0. To this solution was 
mSJiln t£ ° P° tas ?' um silicate (containing 12.5% K 2 0 and 26.3% Si0 2 ), followed by 73.4 g of 
metakaolin. The compos,tion of the resulting slurry, expressed in terms of mole ratios of oxides, wa?: 

K 2 0:AI 2 0 3 1.2 
SiO a :Al a 0 3 5.1 
H a O:AI 2 0 3 100 

threJ^r^^^t^ hom .°9 eni2ed ,n 8 b ' ender *et at medium speed for 10 minutes and divided into 
0C?C WC?ndl2^ transferred to small autoclaves and heated to and maintained i 

IJLa'Iu i ' res Pect'vely, for three days. After reaction the products were filtered, washed and 
dned. All samples compnsed a pure zeolite, as indicated by chemical analysis, giving a composition of: 

K 2 0:Al a 0 3 :5.1 Si0 2 



6 



EP 0142 349 B1 



and by x-ray diffraction, which was essentially identical to that disclosed for zeolite L in U.S. Patent 
3,216,789. The sample maintained at 220°C comprised hexagonal columnar crystals 0.3 micron in diameter 
and 2 micron in length. 

s Example 2 

A slurry having a composition, in terms of mole ratios of oxides, of: 

K 2 0:AI 2 0 3 1.05 
Si0 2 :AI 2 0 3 5.1 
H 2 0:AI 2 0 3 100 

was prepared by mixing together 6.4 g of KOH, 73.4 g of metakaolin, 218.3 g of potassium silicate, and 
431.2 g of H 2 0. After homogenizing this slurry in a blender for five minutes, the slurry was maintained in an 
autoclave for three days at 220°C and then filtered. The product obtained on washing and drying the filtrate 
15 was a highly crystalline pure zeolite of the L type, as shown by x-ray diffraction analysis, having a 
composition of: 

K 2 0:Ai 2 0 3 :5.1 Si0 2 

Example 3 

A slurry having a composition, in terms of mole ratios of oxides, of: 

20 

K 2 0:AI 2 0 3 1.4 
Si0 2 :AI 2 0 3 5.1 
H 2 0:AI 2 0 3 110 

25 was prepared by mixing together 20.17 g of KOH • 0.5 H 2 0 in 488 g water, 218.3 g of potassium silicate 
containing 26.3% by weight SiO z and 12.5% by weight K 2 0, and 73.4 g of metakaolin. After homogenization 
the slurry was transferred to a tetrafluoroethylene jar, sealed and placed in an oven at 1 00°C. After five days 
the slurry was filtered, washed and dried. The product comprised a highly crystalline, pure L-type zeolite as 
shown by x-ray diffraction analysis. 

3D 

Example 4 

A slurry having a composition, in terms of mole ratios of oxides, of: 

K 2 0:AI 2 0 3 1.4 
35 Si0 2 :AI 2 O 2 5.1 

H a O:AI 2 0 3 90 

was prepared by the method described in Example 3 except that 374 g of water was employed rather than 
488 g of water. The slurry was homogenized and divided into two parts. The first part was placed in a 
40 tetrafluoroethylene jar and heated as described in Example 3. In 90 hours a pure L-type zeolite was 
obtained. The second part was placed in a glass resin kettle equipped with a stirrer and condenser and 
heated at 100 C C. After 5 days the product comprised 95% of the highly crystalline L-type zeolite and 5% of a 
minor phillipsite impurity. 

45 Example 5 

A slurry having a composition, in terms of mole ratios of oxides, of: 



K a O:AI 2 0 3 1.2 

Na 2 0:AI 2 0 3 0.2 

so Si0 2 ;AI 2 0 3 5.1 

H 2 0:AI 2 0 3 100 



was prepared by mixing together 13.4 g of an 85% aqueous solution of KOH, 4.8 g of NaOH, 73.4 g of 
metakaolin from a commercial source, 218.3 g of the potassium silicate used in Example 3, and 431 g of 
55 water. The resulting mixture was homogenized in a blender and reacted for 80 hours in a 
tetrafluoroethylene jar at 100°C. The product comprised a crystalline L-type zeolite containing a small 
amount of unreacted kaolin/metakaolin. 

Example 6 (comparative) 
60 A slurry having a composition, in terms of mole ratios of oxides, of: 



K 2 0:AI 2 0 3 1.0 

Na 2 0:AI 2 0 3 0.4 

Si0 2 :AI 2 0 3 5.1 

65 H 2 0:AI 2 0 3 100 



7 



EP 0 142 349 B1 

was prepared fay dissolving 6.6 g of KOH . 0.5 H 2 0 and 9.6 g of NaOH in 431 g of H 2 0. Then 218.3 g of the 
potassium silicate used in Example 3 and 73.4 g of metakaolin were added thereto. After homogenization 
innorj 77 Was dlvlded ,nto Portions. One portion was crystallized in a sealed tetrafluoroethylene jar at 
100 C for 4 days. The second portion was placed in a glass reaction resin kettle equipped with stirrer and 
condenser, and heated m a heating mantle for 4 days. In both cases the products were highly crystalline 

u CO HP«7 s f d almost equal amounts of th © ^Pe L zeolite and zeolite P. Thus, high levels of sodium above 
about 30% by moles are undesirable in the zeolite slurry. 

Example 7 

A slurry having a composition, in terms of mole ratios of oxides, of: 

K 2 0:A1 2 0 3 1.4 
Si0 2 :AI 2 0 3 6.0 
H 2 0:AI 2 0 3 100 

was prepared by mixing together 4.07 g of KOH, 33.8 g of metakaolinite (prepared by heating UF kaolin 
from Georgia Kaolin Co. for 3 hours at 650°C), 130.5 g of the potassium silicate used in Example 3, and 181.7 
? C n£ , "i 75 "? 1 stam,ess steeI tub © autoclave was 2/3 filled with the slurry, and the mixture was reacted at 
wc for five days. The product, which was filtered, washed and dried, comprised highly pure zeolite L 

Example 8 

A slurry having a composition, in terms of mole ratios of oxides, of: 

K 2 0:AI 2 0 3 1.5 
25 Si0 2 :AI 2 0 3 6 

H 2 0:AI 2 0 3 119 

was prepared by reacting together 6.5 g of KOH, 36.7 g of metakaolin (prepared by heating UF kaolin for 3 
hours at 650 C), 145 g of the potassium siiicate used in Example 3, and 254 g of water. The homogenized 
so slurry was placed in a sealed autoclave and aged at 160T for 6 days, after which time the autoclave was 
cooled and the product filtered and washed. The crystallized zeolite thus obtained was highly crystalline 
and had a composition, in terms of mole ratios of oxides, of: K 2 0:AI 2 0 3 :5.32 Si0 2 . 

Example 9 

35 A slurry having a composition, in terms of mole ratios of oxides, of: 

K 2 0:AI 2 0 3 2.5 
Si0 2 :AI 2 0 3 8.5 
H 2 0:AI 2 0 3 110 
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15 



20 



40 



45 



was prepared by mixing together in a glass reaction bottle 81 g metakaolin (from kaolin), 517.2 g of the 
potassium silicate used in Example 3, 25.7 g of 85% KOH and 375.4 g of H 2 0. The mixture was brought to a 
gentle boil using a heating mantle. The bottle was equipped with condenser, thermometer, and stirrer, and 
the slurry was reacted at 100°C for 6 days with slow stirring. After filtering, washing and drying at 100°C the 
crystalline product was analyzed by x-ray diffraction and found to comprise pure zeolite of the L type. 
Scanning electron microscopy showed aggregates of 0.1 to 0.2 micron prismatic microcrystals. Chemical 
analysis showed that the composition, in terms of mole ratios of oxides, was 0.98 K 2 0:AI 2 0 3 :5.54 Si0 2 . 

Example 10 

so A slurry having a composition, in terms of mole ratios of oxides, of: 

K 2 0:AI 2 0 3 2.88 
Si0 2 :AI 2 0 3 10 
H 2 0:AI 2 0 3 110 



55 



was prepared by mixing and homogenizing 6.6 g of KOH, 28.8 g of metakaolin, 182 g of the potassium 
silicate used in Example 3, and 132.7 g of water. A total of 50 ml of this mixture was reacted in a 75-ml 
stainless steel tube autoclave at 160°C, and the remainder of the mixture was placed in a 500 ml 
tetrafluoroethylene jar and heated in an oven at 100°C. After five days the reaction at 160°C yielded highly 
eo crystalline zeolite crystals of the L-type having a composition, in terms of mole ratios of oxides, of 0.95 
K 2 0:AI 2 0 3 :5.26 Si0 2 . The reaction at 100°C was sampled at 5, 7 and 12 days. All samples showed highly 
crystalline zeolite of the L type and had no impurities even after 12 days of reaction. The composition of the 
sample taken after 7 days, in terms of mole ratios of oxides, was found to be: 

65 0.98 K 2 0:AI 2 0 3 :5.54 Si0 2 
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Example 11 

A composition haying a stoichiometry: 

3K 2 0:AI 2 0 3 :9 SiO a :135 H 2 0 

was made by diluting 1430 g K Sil #6 (P.Q. Corp.) potassium silicate with 300 g distilled water in a one 
gallon Hobart mixer, then slowly adding a cooled potassium aluminate solution (made by dissolving at 
reflux 108.5 g Alcoa C31 alumina (AI 2 0 3 :3H 2 0) in a solution containing 200 g H 2 0 and 131 g KOH • 1/2 H 2 0). 
After thorough mixing and continued agitation, a solution of 87.3 g H 2 S0 4 (98%) in 200 g distilled water was 
slowly added. After complete homogenization the gel was placed in 500 ml Teflon jars in a 100°C air oven. 
The pure Teflon' is a registered Trade Mark. After 3 days a sample comprised 46% zeolite L, and after 8 
days the sample, which comprised excellent (pure) zeolite L as shown by x-ray diffraction analysis, had a 
chemical composition of: 

1.03 K 2 0: Al 2 0 3 :5.26 Si0 2 

and a BET N 2 surface area of 436 m 2 /g. Scanning electron microscopy showed that the zeolite L comprised 
0.4 micron diameter aggregates of crystals in the size range of 0.05 to' 0.1 micron diameter. 

Example 12 

This example demonstrates the efficacy of seeding in the given composition range. 

Slurry A was made by mixing in a 1 gallon Hobart mixer 100.7 g KOH • 1/2 H 2 0, 81 g Al 2 0 3 • 3H 2 0, 1469 
g K Sil 6 (potassium silicate of P.Q. Corp.), 126.4 g alum (AI 2 (S0 4 ) 3 ■ 17 H 2 0) and 723 g H 2 0 in the manner 
described in Example 11. After thorough homogenization the sample was placed in a six gallon 
polypropylene can. A second identical batch was then mixed and added to the can, which was then placed 
in an air oven at 100°C. The total composition had a stoichiometry of: 

3 K 2 0:AI 2 0 3 : 9 SiO a :135 H 2 0. 

Slurry B having the same stoichiometry was made two days later, but in a much larger batch (36 
kilograms) consisting of: 

1450_g KQH • 1/2 H 2 0 
1167 g Al 2 0 3 • 3 H a O (Alcoa C31) 
21,147 g K Sil 6 (P.Q. Corp.) 
1820 g alum (AI 2 (S0 4 ) 3 • 17 H 2 0) 
10,416 g H 2 0. 

After mixing in a commercial Hobart mixer in the general manner described in Example 11, the gel was 
divided between two six-gallon polypropylene cans. To each can was then added 1800 g of slurry A, which 
had now been hot aged for 2 days and showed minor zeolite L crystallization. After thorough mixing, both 
six-gallon cans were sealed and placed in an air oven at 98°C. After reacting for 66 hours the containers 
were cooled, and the contents filtered and washed. Analysis of the two samples showed excellent zeolite L 
by x-ray diffraction analysis, and chemical analysis gave compositions of: 

Sample 1 1.04 K 2 0: Al 2 0 3 : 5.3 Si0 2 
Sample 2 1.06 K 2 0: Al 2 0 3 : 5.08 Si0 2 

BET N 2 surface areas were 291 m 2 /g for sample 1 and 305 m 2 /g for sample 2. The two samples were 
reslurried in deionized water, and the pH was adjusted to 8.5 with a few drops of HCI, then filtered and dried 
at 110°C. Chemical analysis showed no change in the Si/AI ratios but the K/AI ratios were now 0.98 and 1.0 
for samples 1 and 2, respectively. BET nitrogen surface area measurements increased to 380 m 2 /g and 375 
m 2 /g, respectively. Scanning electron microscope analysis showed both samples to comprise 0.1 to 1 
micron agglomerates of microcrystals less than 0.1 micron in diameter. 

Example 13 

A reactant mixture having a stoichiometry of: 

2.4 K 2 0: Al 2 0 3 : 8 Si0 2 : 135 H 2 0 

was made by first dissolving 15.09 g Ai 2 0 3 • 3H 2 0 in a solution of 18.2 g KOH • 1/2 H 2 0 in 22 g H 2 0 at reflux, 
cooling the resultant clear solution to room temperature, then blending this with 267.65 g K Sil 6 potassium 
silicate (1 2.5% K 2 0, 26.3% Si0 2 ). To this homogenized mixture was added a solution of 32.1 g AI 2 (S0 4 ) 3 • 17 
H 2 0 dissolved in 48 g H 2 0 with constant stirring, followed by 50 g of the partly crystallized batch made as 
described in Example 12 (slurry A). Water was then added to bring the total gel weight to 500 g, the gel was 



10 



20 



25 



30 



SO 



55 



60 



EP 0142 349 B1 

again homogenized, and then was placed in a 500 ml Teflon® jar and sealed. The jar was placed in an air 
own at 100°C and sampled at intervals. Maximum crystallization was achieved after 6.5 days. X-ray 
diffraction analysis showed excellent zeolite L plus a trace of phillipsfte. The product chemical composition 
was: 1.05 K 2 0: Al 2 0 3 : 5.6 Si0 2 . 

less ^^xs^ssr^ ana,ysis showed the samp,e to comprise °- 3 to 1 micron a " resates ° f 

In summary, the present invention is seen to provide a process for preparing a zeolite of the L tvoe 
~f a st °'ch.ometric synthesis using potassium, and optionally sodium, as the initial exchange 

Claims 



11 ^. pr0 . ce f s for preparing a crystalline, potassium-containing zeolite of the L type having a 

75 composition in terms of mole ratios of oxides, in the range: 

1.0 to 1.1 M a O:Al a 0,:5.0 to 7 Si0 2 :1 to 6 H 2 0 

2E ^^p^T 1 ^ of K and Na where Na is no more than 30 mofe percent of the mixture ' 

to about a5?X ^f rt j on »? 1 ^ u ^ K fompnsingw potassium silicate, a source of alumina, KOH and up 

comtosLJfn in L™?of raCt, | 0n °/- Na °* H b .!, Sed °P ^ 0tal K0H and Na0H ' said reaction m ^ure having a 
composition, in terms of mole ratios of oxides, within the following ranges: 

K 2 0:AI 2 0 3 1.0 to 3.3 

Na 2 0:AI 2 0 3 0 to 1.0 

SiO a :AI 2 0 3 5 to 12 

H 2 0:AI 2 0 3 80 to 140 



and 



260»C faT^ri^L«^^ arti ^ mi ^ Ure ' W M ile h is substantial 'Y homogeneous, at between about 80 and 
260 C for between about 1 and 10 days until crystals of said zeolite are formed. 

2. A process according to claim 1 wherein NaOH is not employed in the reaction mixture. 

3. A process according to either of claims-1 and 2 wherein the zeolite crystals are recovered. 

35 reaction E EES? 9 .* 10 V^l^f P recedin S daims w*«*n step (a) but before step (b) the 
reaction mixture is blended sufficiently to form a substantially homogeneous mixture. 

kaolin th?lSy1rS COrdin9 * 006 ° f precedinfl claims where5n *"* souree of a '»mina is calcined 
6. A process according to any one of claims 1 to 4 wherein the source of alumina is metakaolin. 
40 between 80 Sd 100?: t0 °" e ° f ^ precedi " 9 claims wherein the reaction mbctur. is maintained 
Ltv£ m^L^K 9 ^ 17 ° ne ° f the P^eding claims wherein prior to step (b) microcrystals of an 
orfsmwand Sum.it 0 " n a " am0Unt of from 0A to 20% by weignt based 

« p« a ^^!^? eSS aCCOrd i nB any u° ne of the P recedi "fl <" a '™ wherein prior to step (b) the blended 
reaction mixture is maintained at about 10 to 100°C for from about 6 hours to 6 days 

10. A process for preparing a crystalline, potassium-containing zeolite of the L type having a 
composition, in terms of mole ratios of oxides in the range: 

1.0 to 1.1 K 2 0:AI 2 0 3 :5 to 7 Si0 2 :1 to 6 H 2 0 

which comprises 

(a) preparing a reaction mixture comprising KOH, water, potassium silicate and metakaolin, said 
reaction mixture having a composition, in terms of mole ratios of oxides, within the following ranges: 



K 2 0:AI 2 0 3 i.o to 3.0 

SiO s :AljO s 5 to 9 

H 2 0:AI 2 0 3 110 to 140 



(b) blending the reaction mixture sufficiently to form a substantially homogeneous mixture; and 

(c) maintaining the blended reaction mixture at between 80 and 100°C under autogenous pressure for a 
sufficient penod of time to form crystals of said zeolite. K 
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Patentanspriiche 

1. Verfahren zur Herstellung eines kristallinen Kafium enthaltenden Zeoliths des Typs L mit einer als 
Molverhaltnisse der Oxide ausgedruckten Zusammensetzung im Bereich von: 

5 

1,0 bis 1,1 M 2 O:AI 2 O 3 :5,0 bis 7 Si0 2 :1 bis 6 H 2 0 f 

wobei M entweder K oder eines Mischung von K und Na ist, wobei Na nicht mehr als 30 Mol% der 
Mischung ausmacht, bei dem 
10 (a) eine Reaktionsmischung hergestellt wird, die Wasser, Kaliumsilikat, eine Aluminiumoxidquelle, 
KOH und bis zu etwa 30 Mol% NaOH, bezogen auf das gesamte KOH und NaOH, umfa&t, wobei die 
Reaktionsmischung eine als Molverhaltnisse der Oxide ausgedruckte Zusammensetzung innerhalb der 
folgenden Bereiche aufweist: 

?5 K 2 0:AI 2 0 3 1,0 bis 3,3 

Na 2 :AI 2 0 3 Obis 1,0 

Si0 2 :AI 2 0 3 5 bis 12 

H 2 0:Ai 2 0 3 80 bis 140, 

20 unc | 

(b) die Reaktionsmischung, wShrend sie im wesentlichen homogen ist, etwa 1 bis 10 Tage auf etwa 80 
bis 260°C gehalten wird, bis die Kristalle des Zeoliths gebildet sind. 

2. Verfahren nach Anspruch 1, bei dem NaOH nicht in der Reaktionsmischung verwendet wird. 

3. Verfahren nach Anspruch 1 oder 2, bei dem die Zeolithkristalle gewonnen werden. 

25 4. Verfahren nach einem der vorangehenden Anspruche, bei dem in Stufe <a) aber vor Stufe (b) die 
Reaktionsmischung ausreichend gemischt wird, um eine im wesentlichen homogene Mischung zu bilden. 

5. Verfahren nach einem der vorangehenden AnsprQche, bei dem die Aluminiumoxidquelle calcinierter 
Kaolin oder Halloysit ist 

6. Verfahren nach einem der Anspruche 1 bis 4, bei dem die Aluminiumoxidquelle Metakaolin ist. 
30 7. Verfahren nach einem der vorangehenden Anspruche, bei dem die Reaktionsmischung zwischen 80 

und 100°C gehalten wird. 

8. Verfahren nach einem der vorangehenden Anspruche, bei dem vor Stufe (b) Mikrokristalle eines 
Zeoliths des Typs L in einer Menge von 0,1 bis 20 Gew.% bezogen auf Siliciumdioxid und Aluminiumoxid 
zu der gemischten Reaktionsmischung gegeben werden. 
35 9. Verfahren nach einem der vorangehenden Anspruche, bei dem vor Stufe (b) die gemischte 
Reaktionsmischung etwa 6 Stunden bis 6 Tage auf etwa 10 bis 100°C gehalten wird. 

10. Verfahren zur Herstellung eines kristallinen Kalium enthaltenden Zeoliths vom Typ L mit einer als 
Molverhaltnisse der Oxide ausgedruckten Zusammensetzung im Bereich von: 

*0 1,0 bis 1,1 KaO:AI 2 O s :5 bis 7 SiO a :1 bis 6 H 2 0, 

bei dem 

(a) eine Reaktionsmischung hergestellt wird, die KOH, Wasser, Kaliumsilikat und Metakaolin umfa&t, 
wobei die Reaktionsmischung eine als Molverhaltnisse der Oxide ausgedruckte Zusammensetzung 
45 innerhalb folgender Bereiche aufweist: 

K 2 0:AI 2 0 3 1,0 bis 3,0 

Si0 2 :AI 2 0 3 5 bis 9 

H 2 0:A1 2 0 3 110bis 140, 
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(b) die Reaktionsmischung ausreichend gemischt wird, um eine im wesentlichen homogene Mischung 
zu bilden, und 

(c) die durchgemischte Reaktionsmischung unter autogenem Druck ausreichend lange zwischen 80 
und 100°C gehalten wird, um die Kristalle des Zeoliths zu bilden. 

Revendications 

1. Proced6 de preparation d'une zeolite cristalline du type L contenant du potassium, dont la 
composition, en termes de rapports molaires des oxydes, se situe dans la plage: 

1,0 h 1,1 M 2 O:AI 2 O 3 :5,0 h 7 Si0 2 :1 d 6 H 2 0 



ou M repnSsente K ou un melange de K et Na, dans lequel Na ne represente pas plus de 30 moles % du 
melange, precede qui consiste: 
65 (a) a preparer un melange rfactionnel comprenant de I'eau, du silicate de potassium, une source 
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d'alumine, de I'hydroxyde de potassium et jusqu'a environ 30%, en fraction molaire, de NaOH sur la base 
au total de KOH plus NaOH, iedit melange rtectionnel ayant une composition, en termes de rapports 
molaires des oxydes, se situant dans les plages suivantes: 

K 2 0:AI 2 0 3 1,0 a 3,3 

Na 2 0:AI 2 0 3 0 b 1,0 

Si0 2 :AI 2 0 3 5*12 

H 2 0:AI 2 0 3 80 a 140 



10 at 



. ' bl 8 ™ mt emr le melange r6actionne), tandis qu'il est pratiquement homog&ne, entre environ 80 et 
260 C pendant environ 1 £ 10 jours jusqu'S ce que des cristaux de zeolite soient formes. 

2. Proc6d6 suivant la revendication 1, dans lequel il n'est pas utilise de NaOH dans le melange 
reactionne. ° 

3. Proc6d6 suivant I'une des revendications 1 a 2, dans lequel les cristaux de zeolite sont recueillis. 

4. Proc6de suivant I'une quelconque des revendications precedentes, dans lequel, apr6s I'tape (a) 
mais avant IStape (b), le melange reactionnel est suffisamment agite pour former un melange 
pratiquement homogene. 

5. Proc6d6 suivant I'une quelconque des revendications precedentes, dans lequel la source d'alumine 
consiste en kaolin ou en halloysite calcine 

6. Precede suivant I'une quelconque des revendications 1 h 4, dans lequel la source d'alumine est le 
meta kaolin. 

7. Procede suivant I'une quelconque des revendications pr6cedentes, dans lequel le melange 
reactionne! est maintenu entre 80 et 100°C. 

8. Procede suivant I'une quelconque des revendications precedentes, dans lequel, avant I'etape (b), des 
microcnstaux d une zeolite du type L sont ajoutes au melange reactionnel formulS, en une quantity de 0,1 h 
20% en poids sur la base de la siiice et de I'alumine. 

9. Precede suivant I'une quelconque des revendications pr6c£dentes, dans lequel, avant I'etape (b), le 
melange reactionnel formule est maintenu a environ 10— 100°C pendant environ 6 heures a 6 jours. 

30 P/oc6de de preparation d'une zeolite cristalline du type L contenant du potassium dont la 

composition, en termes de rapports molaires des oxydes, se situe dans la plage: 

1,0 a 1,1 K 2 0:AI 2 0 3 :5 k 7 SiO a :1 a 6 H 2 0 

35 qui consiste 

(a) k preparer un melange reactionnel comprenant de I'hydroxyde de potassium, de I'eau, du silicate 
de potassium et du metakaolin, Iedit melange reactionnel ayant une composition, en termes de rapports 
molaires des oxydes, comprise dans les plages suivantes: 

40 K 2 0:AI 2 0 3 1,0 a 3,0 

Si0 2 :AI 2 0 3 5 a 9 

H 2 0:AI 2 0 3 110 & 140 

(b) k agiter le melange reactionnel suffisamment pour former un melange pratiquement homogene- et 
4S (c) a mamtenlr le melange reactionnel agite entre 80 et 100°C et sous pression autogene pendant line 

penode suffisante pour former des cristaux de ladite zeolite. 
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"Molecular Sieves an d Processes 
for their Manufactiim" 

This invention relates to molecular sieves, more especially to crystalline molecular sieves, and 
to layers containing them. More especially, the invention relates to a layer, especially a 
supported layer, containing a crystalline molecular sieve and to a structure comprising such a 
layer. 

Molecular sieves find many uses in physical, physicochemical, and chemical processes, most 
notably as selective sorbents, effecting separation of components in mixtures, and as catalysts. 
In these applications, the crystallographically-defmed pore structure within the molecular 
sieve material is normally required to be open, and it is then a prerequisite that any structure- 
directing agent, or template, that has been employed in the manufacture of the molecular sieve 
be removed, usually by calcination. 

Numerous materials are known to act as molecular sieves, among which zeolites form a well- 
known class. Examples of zeolites and other materials suitable for use in the present invention 
will be given below. 

In our earlier International Application -WO 94/25151* the disclosure^f-which-is incorporated 
by reference, we have described a supported inorganic layer comprising optionally contiguous 
particles of a crystalline molecular sieve, the mean particle size being within the range of from 
20 nm to 1 um. The support is advantageously porous. When the pores of the support are 
covered to the extent that they are effectively closed, and the support is continuous, a 
molecular sieve membrane results; such membranes have the advantage that they may 
perform catalysis and separation simultaneously if desired. 

While the products of the earlier application are effective in many separation processes, the 
crystals of the layer are not ordered, and as a result diffusion of materials through the 
membrane may be hampered by grain boundaries. Further, there are voids between the 
crystals. 

Other literature describing supported inorganic crystalline molecular sieve layers includes 
U.S. Patent No. 4,699,892; J. C. Jansen el al, Proceedings of 9th International Zeolite 
Conference 1992 (in which lateral and axial orientations of the crystals with respect to the 
support surface are described), J. Shi si al, Synthesis of Self-supporting Zeolite Films, 15th 
Annual Meeting of the British Zeolite Association, 1992, Poster Presentation (in which 
oriented Gmelinite crystal layers are described); and S. Feng el al, Nature, 28th April, 1994, p 
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834 (which discloses an oriented zeolite X analogue layer). 



PCI7EP95/02704 



The present invention provides, in a first aspect, a structure comprising a support, an 
intermediate layer, and an upper layer, the intermediate layer comprising a crystalline 
molecular sieve having a crystal size of at most 1 nm, and the upper layer comprising a 
crystalline molecular sieve of crystals having at least one dimension greater than the 
dimensions of the crystals of the intermediate layer. 

In a second aspect, the present invention provides a structure comprising a support, an 
intermediate layer, and an upper layer, the intermediate layer comprising a crystalline 
molecular sieve having a crystal size of at most 1 nm, and the upper layer comprising a 
crystalline molecular sieve in which at least 75 %, and advantageously at least 85 %, of the 
crystallites at the uppermost face extend to the interface between the upper and intermediate 
layers. 

In a third aspect, the present invention provides a structure comprising a support, an 
intermediate layer, and an upper layer, the intermediate layer comprising a crystalline 
molecular sieve having a crystal size of at most 1 pm, and the upper layer comprising a 
crystalline molecular sieve the crystals of which have a crystallographically preferred 
orientation (CPO). CPO and a method by which it may be measured are discussed in more 
detail below. 

Advantageously, in each of the above aspects, the intermediate layer is substantially free of 
voids greater than 5 nm in cross-section extending through the thickness of the layer, i.e., 
affording a passageway between the support and the upper layer. 

Advantageusly, the crystal size of the molecular sieve in the intermediate layer is at most 300 
nm preferably from 10 to 300 nm, and most preferably 20 to 120 nm. Advantageously, the 
structures of each of the first to third aspects have an upper layer having the properties of one 
of or both the other two of the first to third aspects. Advantageously the crystals of the upper 
layer are columnar. 

It will be appreciated that the structure may be of any shape, and may be, for example, planar, 
cylindrical, especially cylindrical with a circular cross-section, or may be a honeycomb 
structure. For clarity, however, the following description will refer to the structure as if it 
were planar, and references will be made to the plane of a layer. 

Advantageously, at least 75%, as viewed by scanning electron microscopy (SEM), of the 
grain boundaries in the upper layer are, at least in the region of the uppermost face, within 30° 
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of the perpendicular to the layer plane, more advantageously at least 90% being within that 
angle, and preferably at least 90% are within 25° and most preferably 15° of perpendicular. 
The directions of grain boundaries of the crystals in the upper layer indicate the extent to 
which the crystals have a shape preferred orientation (SPO). 

Materials comprising non-spherical grains may exhibit a dimensional preferred orientation 
or shape preferred orientation (SPO). An SPO may be defined, for example, as a non- 
random orientation distribution of the longest dimensions of the grains or crystals. Such an 
SPO may be detected, for instance, on cross-sectional electron micrographs; only the 
outline of the grains or crystals is considered, the orientation of the longest dimension of 
each is determined and this is used to determine the orientation distribution. 

Because the shape of a grain or crystal is not necessarily related to its crystallographic 
orientation, SPO is in principle independent from CPO, although in many cases SPO and 
CPO are related. 



The products of the invention may be characterised by X-Ray Diffraction (XRD) among 
other techniques. For this purpose a conventional powder diffiaction technique may be 
used, where the supported layered structure in the shape of a disk is mounted in a modified 
powder sample holder an d a conventional 6/20 scan is performed. The intensities of the 
zeolite reflections thus measured are compared to the intensities of reflections of a 
randomly oriented powder of a zeolite of the same structure and composition. If one or 
more sets of reflections, related to one or more specific orientations of the crystal, are 
significantly stronger than the remaining reflections as compared to the diffractogram of a 
randomly oriented powder, this indicates that the orientation distribution in the sample 
deviates from random. This is referred to as a crystallographic preferred orientation or 
CPO. An example of a simple CPO is the case where the 00^ reflections (e.g., 002, 004, 
006, etc. for MFI) are strong while all other reflections are weak or absent In this case the 
majority of the crystals has the crystallographic c-axis close to the normal to the plane of 
the layer; it is often referred to as a c-axis CPO. Another example is a diffractogram where 
the hOO reflections (200, 400, 600, 800 etc. for MFI) are dominant; this is referred to as an 
a-axis CPO. More complex situations may also occur, for example a diffractogram where 
both the OkO and 00^ reflections dominate, which is referred to as a mixed b- and c-axis 
CPO. 



In the case of a CPO, a unique identification of the crystal structure type based on the 
XRD diffractogram of the layer alone may not be possible, because only a limited number 
of reflections may be detected. In principle, the material of the layer should be separated 
from the substrate, ground to a powder and a randomly oriented powder diffractogram 
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should be obtained to verify the structure type. In practice this is often difficult Therefore, 
if the synthesis has yielded any powder product or deposits on the walls or bottom of the 
autoclave, this material is used for the identification of the structure type. If all the 
reflections in the diffractogram of the layer can be attributed to specific sets of reflections 
in the indexed powder diffractogram (e.g., the QQt reflections), it is good indication that 
the layer has the same structure type as the powder. 

In the case of the Examples described below, the powder diffactograms of the material on 
the bottom of the autoclave always indicated the MFI structure type. The reflections in the 
dififractograms of the layer could always be attributed to specific sets related to the MFI 
structure type and it is therefore a good indication that the layers also have the MFI 
structure type. 

The quantification of the degree of CPO may be based on the comparison between the 
observed XRD diffractogram with that of a randomly oriented powder. For each type of 
crystal structure and CPO a specific set of reflections may be selected to define a number 
that can be used as a parameter to describe the degree of CPO. For example, in the case of 
a structure in which the uppermost layer has the MFI zeolite structure type, and the 
crystals have a c-axis CPO, a CPO-parameter C ooe may be defined using the intensities, 
I, of the 002-reflexion and the combined 200 and 020 reflections, as follows: 



( I 002 /I 200,020)S ■ (I002 / l200,020)R 
c oo^ = : 100 

( I 002 /I 200,020)R 

where 1200,020 l 0Q2 ^ the background-corrected heights of the combined MFI- 
200,020 reflections and of the MFI-002 reflection, respectively, for a randomly oriented 
powder R and for the sample S under investigation, before calcination. 

In the Examples the peak at about 8.8°29 in the powder diffractogram generated using 
CuK a radiation is interpreted to represent the combined MFI-200,020 reflections, while 
the peak at about 6.7°20 is interpreted as the MFI-002 reflection. A value for the 
parameter C Q0 £ of 0 represents random orientation, while 100 represents the virtual 
absence of 100 and 010 planes parallel to the layer plane. The absence of all MFI 
reflexions except the 0Q£ reflections indicates a nearly perfect alignment of 001 planes 
parallel to the layer. 

Similarly, in the case of an a-axis CPO, a parameter Ch00 ma y be defined using the 
intensity of the 10 0 0 reflection relative to the intensity of, for instance, the sum of the 



WO 96/01683 

PCT/EP95/D2704 

5 

002 and 0 10 0 reflections, or the 133 reflection (before calcination) as in the following 
definition: 



ClO 0 0^133>S " (IlO 0 0fll33)R 
c h00 = 100 

( I 10 0 0 /I 133)R 

In the examples the peak at about 45.3°29 (CuK a radiation) is interpreted to represent the 
MFI-10 0 0 reflection, while the peak at about 24.5°2G is interpreted as the MFI-133 
reflection. 

For other types of CPO other parameters may be defined. Other ways to measure CPO 
may also be used, for example, texture goniometry. 

Advantageously, for a c-axis CPO, a structure according to the invention has a parameter 
Coo* of at least 50, and preferably at least 95. Advantageously, however, the upper layer 
exhibits strong CPO and SPO. 

Advantageously, in the upper layer, the crystals are contiguous, i.e., substantially every crystal 
is in contact with its neighbours, although not necessarily in contact with its neighbours 
throughout its length. (A crystal is in contact withlts neighbour if the^c^between them is 
less than 2 nm wide.) Preferably, the upper layer is substantially free from defects greater 
than 4 nm in cross-section, extending through its thickness. Preferably, the number of such 
defects, which may be detected by permeation of dye through the layer, does not exceed 2, 
and preferably does not exceed 0.05, per sq. cm. The contact between crystals may be such 
that neighbouring crystals are intergrown. Alternatively gas permeation techniques may be 
used to determine the number of defects in the upper layer. If the permeability of the zeolite 
layer to nitrogen at room temperature is less than 5 x 10 -6 moles/(m2-sec-pascal) for each 
micron of thickness of the zeolite layer, the membrane can be said to have an acceptable 
defect density. More preferably it is less than 5 x 10-7moles/(m2-sec-pascal). 

As molecular sieves, there may be mentioned a silicate, an duminosilicate, an 
aluminophosphate, a silicoaluminophosphate, a metalloaluminophosphate, or a 
metalloaluminophosphosilicate. 

The preferred molecular sieve will depend on the chosen application, for example, separation, 
catalytic applications, and combined reaction and separation, and on the size of the molecules 
being treated. There are many known ways to tailor the properties of the molecular sieves, for 
example, structure type, chemical composition, ion-exchange, and activation procedures. 
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Representative examples are molecular sieves/zeolites of the structure types AFI, AEL, BEA, 
CHA, EUO, FAU, FER, KFI, LTA, LTL, MAZ, MOR, MEL, MTW, OFF, TON and, 
especially, MFI. 

The structure types of the intermediate and upper layers may be the same or different. 
Further, if the structure types are the same, the compositions may be the same or different 

Some of the above materials while not being true zeolites are frequently referred to in the 
literature as such, and this term will be used broadly in the specification below. 

The thickness of the upper layer is advantageously within the range of 0.1 to 150 urn, more 
advantageously from 0.5 to 40 fim, preferably from 0.5 to 20 jim, and most preferably from 1 
to 20 nm. Advantageously, the thickness of the layer and the crystallite size of the molecular 
sieve are such that the layer thickness is approximately the size of the longest edges of the 
crystals, giving essentially a monolayer. 

The thickness of the intermediate layer is advantageously at most about 1 jim; 
advantageously, also, however, it is of sufficient thickness to cover irregularities of 
comparable scale in the surface of the support. Advantageously, the intermediate layer is at 
most the thickness of the upper layer. " — — 

The support may be either non-porous or, preferably, porous. As examples of non-porous 
support there may be mentioned glass, fused quartz, and silica, silicon, dense ceramic, for 
example, clay, and metals. As examples of porous supports, there may be mentioned porous 
glass, sintered porous metals, e.g., steel or nickel, and, especially, an inorganic oxide, e.g., 
alpha-alumina, titania, , an alumina/zirconia mixture, Cordierite, or zeolite as herein defined. 

At the surface in contact with the intermediate layer, the support may have pores of 
dimensions up to 50 times the layer thickness, but preferably the pore dimensions are 
comparable to the layer thickness. The pore size should, in any event, be compatible with the 
process employed for making the intermediate layer. 

The support may be any material compatible with the coating and synthesis techniques, as 
described, for example below, e.g., porous alpha-alumina with a surface pore size within the 
range of from 0.004 to 100 urn, more advantageously 0.05 to 10 \xm y preferably from 0.08 to 
1 (am, most preferably from 0.08 to 0.16 ^m, and advantageously with a narrow pore size 
distribution. The support may be multilayered; for example, to improve the mass transfer 
characteristics of the support, only the surface region of the support in contact with the 
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intermediate layer may have small diameter pores, while the bulk of the support, toward the 
surface remote from the layer, may have large diameter pores. An example of such a 
multilayer support is an alpha-alumina disk having pores of about 1 jim diameter coated with a 
layer of alpha-alumina with pore size about 0.08 urn. It is to be understood that when the 
support is* a zeolite as herein defined and at least at its surface it has the requisite properties 
for the intermediate layer in relation to particle size and crystallinity then the support surface 
itself may act as the intermediate layer and a separate intermediate layer may be dispensed 
with. 

The invention also provides a structure in which the support, especially a porous support, has 
molecular sieve layers according to the invention on each side, the layers on the two sides 
being the same or different; it is also within the scope of the invention to provide a layer not 
in accordance with the invention on one side of the support, or to incorporate other materials 
in the support if it is porous. 

The intermediate and upper layers may, and for many uses advantageously do, consist 
essentially of the molecular sieve material, or may be a composite of the molecular sieve 
material and intercalating material which may be organic or inorganic. The intercalating 
material may be the same material as the support. The material may be applied 
simultaneously with or after deposition of the molecular sieve, and may be applied, for 
example, by a sol-gel process followed by thermal curing. Suitable materialsT include, for 
example, inorganic .oxides, e.g., silica, alumina, and titania. The intercalating material is 
advantageously present in sufficiently low a proportion of the total material of the layer that 
the molecular sieve crystals remain contiguous. 

The invention further provides a process for manufacturing a structure. 

The present invention accordingly also provides a process for the manufacture of a molecular 
sieve layer on a support, which comprises applying molecular sieve crystals of particle size at 
most 1 nm, and advantageously at most 300 nm, to the support, or forming such crystals on 
the support, contacting the resulting coated support in a molecular sieve synthesis mixture and 
subjecting the mixture to hydrothermal treatment. 

For the manufacture of an MFI type zeolite, especially ZSM-S or silicalite-I . the synthesis 
mixture is advantageously of a molar composition, calculated in terms of oxides, within the 
ranges: 

MoOrSiQo 0 to QJ to ii preferably 0.016 to 0.350:1 

SiQ2^Al2 Q l 12 10 infinity :1 

OTA)2&SiQ2 0 10 02:1 preferably 0 to 0.075 :1 
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H2Q;SiQ2 7 to 1000 :1 preferably 9 to 300 :1 

Wherein TPA represents tetrapropvlammonium and M an alkali metal, preferably sodium or 
potassium, but also Li > Cs and also ammonia. Other template agents may be used in these 
ratios. 

In this specification ratios with infinity as the value indicate that one of the ratio materials is 
not present in the mixture. 

The process described above when using specific amounts of sodium generally results in an 
MF1 zeolite layer in which the CPO is such that the crystallographic c-axis is perpendicular to 
the plane of the layer. In the MFI structure, the channel system comprising straight channels, 
which lie parallel to the b-axis, and sinusoidal channels, which lie parallel to the a-axis, lies 
parallel to the plane of the layer. 

It would be desirable to be able to choose depending on the application which CPO axis is 
perpendicular to the plane of the layer. That is to be able to select the a-, b- or c-axis or 
mixtures thereof. 

In this context it has been found that layers having a CPO in which the a-axis is or axes other 
than the c-axis are transverse to the plane may be obtained by a number of methods of which 
some may adyantag^usf^^usedm^ " ~ 

The present invention accordingly also provides a structure comprising a support, an 
intermediate layer, and an upper layer, the intermediate layer comprising a crystalline 
molecular sieve of crystal size of at most 1 jim, and the upper layer comprising a crystalline 
molecular sieve the crystals of which have a CPO in which an axis other than the c-axis of the 
molecular sieve extends in the direction of the upper layer thickness. 

In some embodiments, the CPO of the upper layer is with the a-axis extending in the direction 
of the upper layer thickness (an a-axis CPO), while in further embodiments the CPO is with 
the 2 1 0-axis so extending. 

The invention also provides a second process for the manufacture of a molecular sieve layer 
on a support, which comprises applying molecular sieve crystals to the support, or forming 
such crystals on the support, the particle size of said crystals being at most 1 jim, and 
contacting the resulting coated support in an aqueous molecular sieve synthesis mixture 
containing a source of silicon and a source of potassium having molar ratios of components, 
expressed in terms of oxides, as follows: 
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K20:Si02 0.1 to 0,65:1 preferably 0.1 to 0.25 :1 
H20:Si0 2 20 to 200:1 

Na20:Si02 0 to 0,175 :1 preferably 0 to 0.033 :1 
the synthesis mixture optionally also containing a structure directing agent and sources of 
other elements, and subjecting the mixture to hydrothermal treatment. 

The invention also provides a third process for the manufacture of a molecular sieve layer on 
a support, which comprises applying molecular sieve crystals to the support, or forming such 
crystals on the support, the particle size of said crystals advantageously being at most 1 |im, 
and contacting the resulting coated support in an aqueous molecular sieve synthesis mixture 
and subjecting the mixture to hydrothermal treatment at below 150°C. 

The invention further provides a fourth process for the manufacture of a molecular sieve layer 
on a support, which comprises applying molecular sieve crystals to the support, or forming 
such crystals on the support, the particle size of said crystals advantageously being at most 1 
jim, and contacting the resulting coated support in an aqueous molecular sieve synthesis 
mixture containing a source of silicon and a source of potassium, and optionally also a 
structure directing agent and a source of at least one other element, the molar ratios of 
components, expressed in terms of oxides, being as follows: 

K2O:SiO2^0.1 ~to 0.65:1 preferably 0.T to 0.25 :1 
H 2 O:SiO2-20to200:l 

Na20:Si02 - 0 to 0.175 :1 preferably 0 to 0.033 :1 

and subjecting the mixture to a hydrothermal treatment at a temperature below 150°C. 

The third and fourth processes are advantageously carried out at a temperature with the range 
of from 80 to 150°C and preferably from 95 to 125°C. 

Without wishing to be bound by any theory, it is believed that, by the process of the 
invention, the crystals applied to or formed on the support act as crystallization nuclei for the 
synthesis mixture during hydrothermal treatment. Such crystals that act as crystallization 
nuclei are often referred to as "seed crystals". It is believed that during the hydrothermal 
treatment the seed crystals grow in size, part of the seed crystals growing upwards to form the 
upper layer. 

In relation to the processes described herein contacting is to be understood to include 
immersion or partial immersion of the substrate in the relevant zeolite synthesis mixture. 
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If the support is porous then, advantageously, before the colloidal molecular sieve, or zeolite, 
crystals are applied from an aqueous reaction mixture, the support is treated with a barrier 
layer. 

The barrier layer functions to prevent the coating mixture or components thereof from 
preferentially entering the pores of the support e.g. to such an extent that the zeolite crystals 
form a thick gel layer on the support 

The barrier layer may be temporary or permanent. As a temporary layer, there may be 
mentioned an impregnating fluid that is capable of being retained in the pores during 
application of the reaction mixture, and readily removed after such application and any 
subsequent treatment. 

As indicated below, spin coating is an advantageous technique for applying the colloidal 
zeolite crystals to a flat support. The impregnating fluid should accordingly be one that will 
be retained in the pores during spinning if that technique is used; accordingly the rate of 
rotation, pore size, and physical properties of the fluid need to be taken into account in 
choosing the fluid. 

The fluid should also be compatible with the spin- coating mixture; for example, if the 
mixture is polar, "the" barrier fluid shoul~d~aiso bepolar. As the~spih- coating mixture is 
advantageously an aqueous mixture, water is advantageously used as the barrier layer. 

To improve penetration, the fluid barrier may be applied at reduced pressure or elevated 
temperature. If spin-coating is used, the support treated with the barrier fluid is 
advantageously spun for a time and at a rate that will remove excess surface fluid, but not 
remove fluid from the pores. Premature evaporation of fluid from the outermost pores during 
treatment may be reduced by providing an atmosphere saturated with the liquid vapour. 

As a temporary barrier layer suitable, for example, for an alpha-alumina support there may be 
especially mentioned water or glycol. As a permanent barrier suitable for an alpha-alumina 
support there may be mentioned titania, gamma-alumina or an alpha-alumina coating of 
smaller pore size. 

A synthesis mixture to form the colloidal zeolite crystals that are advantageously applied to 
the support is advantageously prepared by the process described in International Application 
WO93/08125. In that process, a synthesis mixture is prepared by boiling an aqueous solution 
of a silica source and an organic structure directing agent in a proportion sufficient to cause 
substantially complete dissolution of the silica source. The organic structure directing agent, if 



WO 96/01683 PCT/EP95/02704 

used, is advantageously introduced into the 1 synthesis mixture in the form of a base, 
specifically in the form of a hydroxide, or in the form of a salt, e.g, a halide, especially a 
bromide. Mixtures of a base and a salt thereof may be used, if desired or required, to adjust 
the pH of the mixture. 

The structure directing agent may be, for example, the hydroxide or salt of 
tetramemylammonium (TMA), tetraethylammonium (TEA), triethylmethylammonium 
(TEMA), tetrapropylammonium (TPA), tetrabutylammonium (TBA), tetrabutylphosphonium 
(TBP), trimethylbenzylammonium (TMBA), trimethylcetylammonium (TMCA), 
trimethylneo- pentylammonium (TMNA), triphenylbenzylphosphonium (TPBP), 
bispyrrolidinium (BP), emylpyridinium (EP), o^emylpiperidimum (DEPP) or a substituted 
azoniabicyclooctane, e.g. methyl or ethyl substituted quinuclidine or 1,4-diazoniabicyclo- 
(2,2,2)octane. 1 ,6- diaminohexane, 1 ,8-diaminooctane, or a crown ether may also be used. 

Preferred structure directing agents are the hydroxides and halides of TMA, TEA, TPA and 
TBA. 

The colloidal crystals are, as indicated above, advantageously applied to the support by spin- 
coating, the viscosity of the mixture and the spin rate controlling coating thickness. The 
mixture is advantageously first contacted with the stationary support, then after a short contact 
time the suppbrt is spunat the desired rate: 

In a further embodiment of the invention, the intermediate layer molecular sieve crystals are 
synthesized in sj& on the support before the upper layer is applied by hydrothermal treatment 
of a synthesis mixture in the presence of the support According to this embodiment, the 
process comprises preparing a first synthesis mixture comprising a source of silica and an 
organic structure directing agent in a proportion sufficient to effect substantially complete 
dissolution of the silica source in the mixture at the boiling temperature of the mixture, 
contacting the support in the synthesis mixture, crystallizing zeolite from the synthesis 
mixture onto the support, to form the intermediate layer. This procedure may be carried out 
as described in the above-mentioned Application WO 94/25151. The resulting coated support 
is then immersed in a second synthesis mixture and subjected to hydrothermal treatment. 

The synthesis mixtures will also contain a source of other components, if any, in the zeolite; 
the two mixtures may be the same or different. 

In other embodiments of the invention, the intermediate layer is applied to the support by 
other techniques known in the art, for example, wash-coating, spray-coating, brushing, slip- 
casting or dip-coating in a suspension of the colloidal zeolite crystals. 
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Larger supports, for example, honeycomb reactor sections, may be treated by sealing the 
support in its reactor housing, either before or after applying the intermediate layer, and the 
synthesis mixture then poured into the housing, or pumped through it, crystallization, washing 
and calcining taking place with the support already in its housing. As indicated above, the 
hydrothermal treatment to form the crystalline zeolite upper layer is advantageously carried 
out by contacting the support carrying the intermediate layer in a synthesis mixture, and 
heating for a time and at the temperature necessary to effect crystallization, advantageously in 
an autoclave under autogenous pressure. Heating times may be, for example, in the range of 
from 1 hour to 14 days, advantageously from 1 hour to 4 days. Temperatures, other than in 
the third and fourth processes, may be, for example, from 95, advantageously from 150, to 
200°C, and preferably from 160 to 180°C. 

Contacting of the the coated support is advantageously carried out by immersion or partial 
immersion and with the support in an orientation and location in the synthesis mixture such 
that the influence of settling of crystals formed in the reaction mixture itself, rather than on 
the coated surface, is minimized. For example, the surface to be coated is advantageously at 
least 5 mm, and preferably at least 8 mm, from a wall or, especially, the base, of the vessel to 
avoid interference from crystals settling and local depletion of the mixture by a high 
concentration of growing crystals. Further, the coated surface is advantageously oriented at 
-an angle within the range of from 90 o to-270Vpreferably 180°, 180° repralmtihg the coating 
surface horizontal and facing downward. Especially if the coated surface of the structure is 
three dimensional, e.g., a honeycomb, other means may be used to inhibit settling, for 
example, agitation, stirring or pumping. 

In one aspect of the invention the support is placed in the synthesis mixture immediately 
after applying the intermediate layer. Even when submerged in the synthesis mixture, the 
particles in the intermediate layer remain adhered to the support and fecilitate growth of 
the zeolite layer. However, under some circumstances, e.g. during stirring or agitation of 
the synthesis mixture, the adhesion between the particles and the support may be 
insufficient and steps must be taken to stabilize the intermediate layer. 

Therefore, in another aspect of the invention, the intermediate layer is stabilized before being 
placed into the synthesis mixture. This stabilization can be achieved in one aspect by heat- 
treating the intermediate layer, e.g. at temperatures between 30 and 1000°C, preferably greater 
than 50 °C and more preferably between 200°C and 1000°C and most preferably greater than 
300°C. and between 400°C and 600°C for several hours preferably at least two hours. This 
stabilization technique is particularly useful in the preparation of membranes which hve a-axis 
CPO. With this technique the intermediate layer may comprise additional materials such as 
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metal oxide; metal particles; metal particles and metal oxides, wherein said zeolites are 
selected from the group consisting of nanocrystalline zeolites and colloidal sized zeolites. 
Hie intermediate layer in this aspect is mespoporous and has interstices of about 20 to about 
2000 A preferably from about 40 to about 200 A. Mesoporous as used herein means that 
there is a connected void structure throughout the layer. Interstices in this size range provide 
a permeation path for molecules through the layer. In one aspect for the preparation of a-axis 
CPO the intermediate layer is formed from a solution containing a nanocrystalline or colloidal 
zeolite or a mixture of metal oxide and nanocrystalline or colloidal zeolite or a mixture of 
nanocrystalline or colloidal zeolite and colloidal metal. Preferably, nanocrystalline or 
colloidal zeolite or a mixture of nanocrystalline or colloidal zeolite and metal oxide will be 
used to form the layer. The metal oxides from which the layer is prepared are colloidal metal 
oxides or polymeric metal oxides prepared from sol-gel processing. Nanocrystalline zeolites 
are crystallites having sizes from about 10 A to 1 um. Nanocrystalline zeolites can, e.g., be 
prepared in accordance with the methods set forth in PCT-EP92-02386 herein incorporated by 
reference, or other methods known to those skilled in the art. Colloidal sized particles are 
between 50 and 10,000 A and form a stable dispersion or solution of discrete particles. 
Preferably, the colloidal particles will be 250 to 5,000 A, most preferably less than 1000 A. 
Colloidal zeolites with sizes < 5000 A are readily obtainable. Following calcination the 
zeolite will be nanocrystalline or colloidal sized zeolite and the metal and metal oxide will be 
colloidal sized metal and metal oxide. In this aspect of the present invention the layer can be 
~fonned from silica,^ilic^^ 
metdloaluminophosphates, metalloaluminophosphosilicates, and stano-silicates. 
Representative of molecular sieves (zeolites) which can be used include but are not limited to 
those of structure type AFI, AEL, BEA, EUO, FER, KFI, MAZ, MOR, MEL, MTW, OFF, 
TON, FAU (includes zeolite X and zeolite Y), zeolite beta, LTA, LTL, AFS, AFY, APC, 
APD, MTN, MTT, AEL, CHA and MFI zeolites. Preferably, an MFI zeolite with a silicon to 
aluminum ratio greater than 30 will be used including compositions with no aluminum. MFI 
zeolites with SUM ratios greater than 300 are herein referred to as silicalite. Some of the 
above materials, while not being true zeolites are frequently referred to in the literature as 
such, and the term zeolite will herein be used broadly to include such materials. In this aspect 
of the present invention the metal oxides which can be used herein are selected from the group 
consisting of colloidal alumina, colloidal silica, colloidal zirconia, colloidal titania and 
polymeric metal oxides prepared from sol-gel processing and mixtures thereof. Preferably 
colloidal alumina will be used. The colloidal metals which can be used include copper, 
platinum and silver. 



In an alternative method of stabilisation the intermediate layer may be treated with a 
solution that modifies the surface characteristics of the particles in the intermediate layer. 
For example, the layer may be washed with a solution that would cause the colloidal 
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particles in the precursor to the intermediate layer to flocculate; the inventors believe that 
processes similar to flocculation in colloidal solution may also bind the particles in the 
intermediate layer more strongly together. Suitable solutions include those which 
comprise materials which will ion-exchange with the intermediate layer. These include 
solutions of divalent metal ions such as for example solutions comprising alkaline earth 
metal salts. As an example, a wash with a diluted Ca salt e.g. CaCl2 solution may be 
mentioned. In this aspect their may be included the additional step of heating of the 
treated layer at a temperature of upto 300°C and preferably up to 200°C. Those skilled in 
the art will appreciate that many other solutions or treatments may be used to stabilize the 
intermediate layer. 

Stabilization of the intermediate layer is particularly advantageous for the preparation of 
membranes which have a-axis CPO and in particular those which also have SPO. 

By adjusting the ratio of colloidal zeolite and metal oxide, the density of nucleation sites on 
the intermediate layer can be controlled. This density controls the morphology of the zeolite 
film grown over this layer in a subsequent hydrothermal synthesis step. The higher the 
nucleation density, the narrower the zeolite crystal width the crystals will exhibit at the 
zeolite layer intermediate layer interface. Nucleation density can be controlled by the relative 
proportions of colloidal zeolites and metal oxides (with the density decreasing as the amount 
of the metal oxide utilized increases) as weH "as the size oflhe cdlloicIal~ze61ites in the 
intermediate layer. Colloidal sized zeolites in the range of from 50-10,000 A are thus used in 
this layer. The larger the colloidal zeolite crystals utilized in this layer, the wider the zeolite 
crystals in the upper layer will be. Applicants believe that the addition of metal oxide, 
colloidal metal or mixtures thereof to the colloidal zeolite in the intermediate layer provides 
spaces between nucleation sites allowing for control of the crystal width in the zeolite layer. 

The composition of the synthesis mixture varies according to the process; the mixture always 
contains a source of silicon, and usually contains a structure directing agent, for example one 
of those mentioned above, and a source of any other component desired in the resulting 
zeolite. As indicated, in some processes according to the invention, a source of potassium is 
required. A preferred silicon source is colloidal silica, especially an ammonia-stabilized 
colloidal silica, e.g., that available from du Pont under the trade mark Ludox AS-40. 

At least in the second and fourth processes, the source of silicon may also be the source of 
potassium, in the form of potassium silicate. Such a silicate is conveniently in the form of an 
aqueous solution such, for example, as sold by Aremco Products, Inc. under the trade mark 
CERAMA-BIND, which is available as a solution of pH 11.3, specific gravity 1.26, and 
viscosity 40 mPas. Other sources of silicon include, for example, silicic acid. 
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As other sources of potassium, when present, there may be mentioned the hydroxide. 
Whether or not the synthesis mixture contains a potassium source, it may also contain sodium 
hydroxide to give the desired alkalinity. 

The structure directing agent, when present, may be any of those listed above for the synthesis 
mixture for forming the intermediate layer crystals. For the manufacture of an MFI layer, a 
tetrapropylammonium hydroxide or halide is advantageously used. 

In the processes according to the invention, for the manufacture of an a-axis CPO MFI- 
containing structure, the molar composition, expressed in terms of oxides, of the synthesis 
mixture is advantageously within the following ranges: 



K 2 0:Si02 0.1 to 0.65 :1 preferably 0.1 to 0.25 :1 

Na20:Si02 0 to 0. 1 75 : 1 preferably 0 to 0.033 : 1 

TPA 2 0:Si0 2 0 to 0.075:1 

H20:Si0 2 : 20 to 200:1 

Si02:A1203 200 to infinity :1 

In the other process according to the invention, for the manufacture of a c-axis CPO MFI- 
containing stactureTthe molar composition, expressed in terms"of"oxides, of the synthesis 
mixture is advantageously within the following ranges: 

M 2 0 : Si0 2 0 to 0.350 : 1 preferably 0.01 6 to 0.350 : 1 

TPA 2 0:Si0 2 0 to 0.075 : 1 preferably 0.009 to 0.013: 1 

H 2 0:Si0 2 9 to 300 : 1 preferably 9 to 200 : 1 

SiO2:A1203 400 to infinity :1 preferably 200 to mfinity : 1 

In this case M represents alkali metal ammonia, preferably Na, K, or Cs and most preferably 
Na. 

If desired, the formation of zeolite crystals within the synthesis mixture itself may be inhibited 
by maintaining the pH of the synthesis mixture in the range of from 6 to 13. In such low- 
alkaline synthesis mixtures the effectiveness of the zeolite crystals in the intermediate layer in 
acting as seed crystals is enhanced, thereby facilitating the growth of the upper layer. On the 
other hand, if so desired, the formation of zeolite crystals within the synthesis mixture itself 
may be controlled by adding very small quantities of colloidal size seed crystals to the 
synthesis mixture, thereby reducing the growth of the upper layer. It is believed that the 
addition of controlled amounts of colloidal zeolites to the synthesis mixture enables the 
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thickness of the upper layer to be controlled without changing the pH of the synthesis 
mixture, the crystallization time or the crystallization temperature. 

If desired or required, areas of the support upon which it is not wanted or needed to form the 
intermediate layer may be masked before application, using, e.g., wax, or unwanted zeolite on 
such areas may be removed after application. 

After crystallization, the structure may be washed, dried, and the molecular sieve calcined in 
the normal way. Ion exchange may also be effected. 

A catalytic function may be imparted to the structure of the invention either by bonding of a 
catalyst to the support or the free surface of the upper layer, or its location within a tube or 
honeycomb formed of the structure, by its incorporation in the support, e.g., by forming the 
support from a mixture of support-forming and catalytic site-forming materials or in the 
intermediate or upper layer itself. If the support is porous a catalyst may be incorporated into 
the pores, the catalyst optionally being a zeolite. For certain applications, it suffices for the 
structure of the invention to be in close proximity to, or in contact with, a catalyst, e.g. in 
particulate form on a face of the structure. 

Catalytically active sites may be incorporated in the upper layer of the structure, e.g., by 
selecting as zeolite^ne with a finite SiC>2^Al203 ratio, prefeiably^lower than 300. The 
strength of these sites may also be tailored by ion-exchange. Metal or metal oxide precursors 
may be included in the synthesis mixture for the intermediate or upper layer, or both, or metal, 
metal oxides, salts or organic complexes may be incorporated by impregnation of or ion- 
exchange with the pre-formed upper layer. The structure may also be steamed, or treated in 
other manners known per S£» to adjust properties. 

The layers may be configured as a membrane, a term used herein to describe a barrier having 
separation properties, for separation of fluid (gaseous, liquid, or mixed) mixtures, for 
example, separation of a feed for a reaction from a feedstock mixture, or in catalytic 
applications, which may if desired combine catalysed conversion of a reactant or reactants and 
separation of reaction products. 

Separations which may be carried out using a membrane comprising a structure in accordance 
with the invention include, for example, separation of normal alkanes from co-boiling 
hydrocarbons, for example, normal alkanes from isoalkanes in C4 to Cg mixtures and n-Cjo 
to C|g alkanes from kerosene; separation of normal alkanes and alkenes from the 
corresponding branched alkane and alkene isomers; separation of aromatic compounds from 
one another, especially separation of Cg aromatic isomers from each other, more especially 
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para-xylene from a mixture of xylenes and, optionally, ethylbenzene (e.g. separation of p- 
xylene from a p-xylene-rich mixture produced in a xylene isomerization process), and 
separation of aromatics of different carbon numbers, for example, mixtures of benzene, 
toluene, and mixed Cg aromatics; separation of aromatic compounds from aliphatic com- 
pounds, especially aromatic molecules with from 6 to 8 carbon atoms from C5 to C\q 
(naphtha range) aliphatics; separation of aromatic compounds from aliphatic compounds and 
hydrogen in a reforming reactor; separation of olefinic compounds from saturated compounds, 
especially light alkenes from alkane/alkene mixtures, more especially ethene from ethane and 
propene from propane; removing hydrogen from hydrogen-containing streams, especially 
from light refinery and petrochemical gas streams, more especially from C2 and lighter 
components; removing hydrogen from the products of refinery and chemical processes such 
as the dehydrogenation of alkanes to give alkenes, the dehydrocyclization of light alkanes or 
alkenes to give aromatic compounds and the dehydrogenation of ethylbenzene to give styrene; 
removing alcohols from aqueous streams; and removing alcohols from hydrocarbons, 
especially alkanes and alkenes, that may be present in mixtures formed during the 
manufacture of the alcohols. 

Conversions which may be effected include isomerizations, e.g., of alkanes and alkenes, 
conversion of methanol or naphtha to alkenes, hydrogenation, dehydrogenation, e.g., of 
alkanes, for example propane to propylene, oxidation, catalytic reforming or cracking and 
thermal cracking. 

Feedstocks derived from hydrocarbons, e.g., in the form of petroleum or natural gas or 
feedstocks derived from coal, bitumen or kerogen, or from air, the feedstocks containing at 
least two different molecular species, may be subjected to separation, e.g., by molecular 
diffusion, by contact with a structure according to the invention, advantageously one 
configured as a membrane, at least one species of the feedstock being separated from at least 
one other species. 
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The following table gives examples of such separations. 



Feedstock 


Separated Molecular Spssiss 


Mixed xylenes (ortho, para, meta) and ethylbenzene 


Paraxylene 


Mixture of hydrogen, H2S, and ammonia 


Hydrogen 


Mixture of normal and isobutanes 


Normal butane 


Mixture of normal and isobutenes 


Normal butene 


Kerosene containing C9 to C] g normal paraffins 


C9 to C] g normal paraffins 


Mixture of nitrogen and oxygen 


Nitrogen (or oxygen) 


Mixture of hydrogen and methane 


Hydrogen 


Mixture of hydrogen, propane, and propylene 


Hydrogen and/or propylene 


Mixture of hydrogen, ethane, and ethylene 


Hydrogen and/or ethylene 


Coker naphtha containing C5 to C\q normal olefins and 
paraffins 


C5 to C\q normal olefins and 
paraffins 


Methane and ethane mixtures containing argon, helium, 
neon, or nitrogen 


Helium, neon, and/or argon 

■ - _ 


Intermediate reactor catalytic reformer products 
containing hydrogen and/or light gases 


Hydrogen, and/or light gases 
(C1-C7) 


Fluid Catalytic Cracking products containing H2 and/or 
light gases 


Hydrogen, and/or light gases 


Naphtha containing C5 to C\q normal paraffins 


C5 to C10 normal paraffins 


Light coker gas oil containing C9 to Cjg normal olefins 
and paraffins 


C9 to Cj g normal olefins and 
paraffins 


Mixture of normal and isopentanes 


Normal pentane 


Mixture of normal and isopentenes 


Normal pentene 


Mixture of ammonia, hydrogen, and nitrogen 


Hydrogen and nitrogen 


Mixture of Al 0 (1 0 carbon) aromatics 


e.g. Paragiethylbenzene 
(PDEB) 


Mixed butenes 


n-butene 


Sulfur and /or nitrogen compounds 


H2SandorNH3 


Mixtures containing benzene (Toluene mixtures) 


Benzene 



Examples pf chemical reactions which may be effected by the structure of the 
invention, advantageously one configured as a membrane, in association with a 
catalyst, (e.g. the catalyst is a module with the structure) or treated to impart catalytic 
activity to the structure, are given in the following table: 
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Feedstock/process 


Product Yielded 


Mixed xylenes (para, ortho, meta) and 
ethylbenzene 


Paraxylene and/or ethylbenzene 


Ethane dehydrogenation to ethylene 


Hydrogen and/or ethylene 


Ethylbenzene dehydrogenation to 
styrene 


Hydrogen 


Butanes dehydrogenation butenes 
(iso's and normals) 


Hydrogen 


Propane dehydrogenation to 
propylene 


Hydrogen and/or propylene 


c 10" c 18 normal paraffin 
dehydrogenation to olefins 


Hydrogen 


Hydrogen Sulfide decomposition 


Hydrogen 


Reforming 

dehydrogenation/aromatization 


Hydrogen, light hydrocarbons (C\ - 

c?) 


Light Petroleum Gas 
dehydrogenation/aromatization 


Hydrogen 


Mixed Butenes 


n-Butene | 



The structure of the invention may be employed as a membrane in such separations 
without the problem of being damaged by contact with the materials to be separated. 
Furthermore, many of these separations are carried out at elevated temperatures, as high as 
500°C, and it is an advantage of the structure of the present invention that it may be used 
at such elevated temperatures. 

The present invention accordingly also provides a process for the separation of a fluid 
mixture which comprises contacting the mixture with one face of a structure according to 
the invention in the form of a membrane under conditions such that at least one 
component of the mixture has a different steady state permeability through the structure 
from that of another component and recovering a component of mixture of components 
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The present invention accordingly also provides a process for the separation of a fluid 
mixture which comprises contacting the mixture with a structure according to the 
invention in. one embodiment in the form of a membrane under conditions such that at 
least one component of the mixture is removed from the mixture by adsorption. 
Optionally the adsorbed component is recovered and used in a chemical reaction or may 
be reacted as an adsorbed species on the structure according to the invention. 

The invention further provides such processes for catalysing a chemical reaction in which the 
structure is in close proximity or in contact with a catalyst 

The invention further provides a process for catalyzing a chemical reaction which 
comprises contacting a feedstock with a structure according to the invention which is in 
active catalytic form under catalytic conversion conditions and recovering a composition 
comprising at least one conversion product. 

The invention further provides a process for catalyzing a chemical reaction which 
comprises contacting a feedstock with one face of a structure according to the invention, 
that is in the form of a membrane and in active catalytic form, under catalytic conversion 
conditions, and recovering from an opposite face of the s^cture^aTleast one conversion 
product, advantageously in a concentration differing from its equilibrium concentration in 
the reaction mixture. 

The invention further provides a process for catalyzing a chemical reaction which 
comprises contacting a feedstock with one face of a structure according to the invention 
that is in the form of a membrane under conditions such that, at least one component of 
said feedstock is removed from the feedstock through the structure to contact a catalyst on 
the opposite side of the structure under catalytic conversion conditions. 

The invention further provides a process for catalyzing a chemical reaction which 
comprises contacting one reactant of a bimolecular reaction with one face of a structure 
according to the invention, that is in the form of a membrane and in active catalytic form, 
under catalytic conversion conditions, and controlling the addition of a second reactant by 
diffusion from the opposite face of the structure in order to more precisely control reaction 
conditions. Examples include: controlling ethylene, propylene or hydrogen addition to 
benzene in the formation of ethylbenzene, cumene or cyclohexane respectively. 

The following Examples, in which parts are by weight unless indicated otherwise, illustrate 
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Synthesis mixtures were prepared as follows: 

75.11 g of colloidal silica solution (Ludox AS 40, supplied by Du Pont) were mixed with a 
solution of 6.95 g of tetrapropylammonium bromide (TPABr) in 100 g of water. A solution of 
0.9 g NaOH (98.4% purity) in 109.2 g of water was added, and the resulting solution was 
mixed for two minutes in a high shear mixer.. The resulting molar composition was as 
follows: 

0.22 Na20; 0.52 TPABr ; 10 Si02 ; 283 water 

For other examples, compositions were prepared with half and twice the indicated proportions 
of NaOH, giving molar compositions with 0.11 and 0.44 Na20 respectively. For another 
example, the alkali source was CsOH giving a molar composition with 0.22 CS2O. 

For spin-coating, a colloidal suspension of 10.46% by weight of 30 nm sized MFI crystals 
with a pure silica composition was prepared according to the process of WO93/08125. In 
some examples this was used alone; in others a mixture of 0.624% by weight of the 
suspension was used in admixture with 99.376% by weight of a synthesis mixture as 
described above. 

In another example, the suspension was mixed withwater and I^65^AS-40~coll6idal silica to~ 
provide a content of 4.56 wt. % zeolite particles and 4.56 wt. % silica particles. A porous 
alpha-alumina disk, diameter 25 mm, thickness 3 mm, pore size 80 nm, 33% porosity, 
machined and polished on one face was soaked in demineralized water overnight under 
vacuum. The soaked disk was placed in the specimen chuck of a CONVAC Model MTS-4 
spinner and excess water removed by spinning the disck at 4000 rpm for 30 seconds. The 
resulting barrier-impregnated disk was then covered with one of the seed mixtures with the 
polished side upward. 10 seconds after contact between the seed mixture and the disk, the 
disk was spun at 4000 rpm for 30 seconds. After spin-coating, the coated disck was 
maintained in a humid atmosphere before being placed in a stainless steel autoclave. Two 
orientations in the synthesis mixture were used. The first was in a holder with the spin-coated 
face downwards, near the surface of the synthesis mixture, referred to in Table 1 below as 
"Inverted". The second was in a holder, immersed vertically in the mixture ("vertical"). 

The autoclave was closed, placed in an oven, and heated during 30 minutes to the 
crystallization temperature and maintained at that temperature for the period specified in 
Table 1. The oven was then allowed to cool to room temperature. After cooling, the disk was 
removed and washed in demineralized water until the conductivity of the last washing water 
was < 5 jiS/cm. The disk was then dried in an oven at 105°C. 
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The absence of defects in a layer may be measured by its inability to pass dye molecules into 
a porous support. Any dye which wicks into the support is readily visible because of a colour 
change in the support. Rhodamine B (0.5 wt. %) in methanol was added to the centre of the 
surface of the layer after calcination . 2 to 3 drops are applied to a 25 mm disk and allowed to 
set for about 30 seconds before the excess dye is blotted off. Methanol is then blotted on the 
disk toremove any excess Rhodamine B solution. The structure is then washed with methanol 
for 10 to 30 seconds. Any permeation of the dye into the substrate through defects in the 
layer is readily apparent. 

The procedures and resulting products are summarised in Table 1 (in which NA indicates: not 
analysed). 

Example 1 

In this example, instead of forming an intermediate layer by spin-coating, as in the remaining 
examples, the layer was formed by in situ crystallization from a highly alkaline synthesis 
mixture (72 hours at 120°C). 

Example 2 

1 g of colloidal zeolite suspension is added to 159.33 g of synthesis mixture to prepare 
the spin-coating mixture. _ 

Examples 6. 14 and 15 

The products of these examples passed the dye permeation test described above. 
Example 9 

The absence of seeds gives a lower CPO. 
Example 12 

Hydrothennal treatment was 30 minutes at 200°C; cooling to 175°C over 10 minutes; 
50 minutes at 1 75°C and quench-cooled. 

Example 13 

Hydrothennal treatment was 30 minutes at 175°C, 23.5 hours at 150°C. 
Examples 14 and 15 

These examples illustrate that, in accordance with the process of the invention, the width of 
crystals extending to the top of the layer may be influenced by the concentration of zeolite 
crystals in the precursor to the intermediate layer, lower concentrations leading to wider 
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The accompanying drawings show: in Figure 1, X-ray diffraction patterns showing: 
1(a) The strong C 00i parameter value (100.00) of the product of Example 15. 
1 (b) CPQ absent from a powder product. 

Figure 2a shows an SEM of the cross-section of the product of Example 15, C 00 ^ parameter 
100.00. 

Figure 2b shows an SEM of the cross-section of the product of Example 7 ( C 00 * parameter 
82.87); in both Figs. 2a and 2b the columnar nature of the upper layer is readily apparent. 
Figures 3 and 4 show the top surfaces of the layers of Examples 14 and 15 respectively. 
Figure 5 is a diagrammatic cross-section of a product similar to that shown in Fig. 2a, in 
which a porous support 1 supports an intermediate layer 2, the individual particles 4 of which 
are shown in the enlargement annexe, and from which layer 2 crystals 5, 6, 7 of the upper 
layer 8 extend. A crystal such as that shown at 5 extends from the interface between the 
layers 2 and 8 to the uppermost surface 3 to the upper layer. A crystal such as that shown at 6 
extends only a short way from the interface, while that shown at 7 extends for a greater 
distance. Note that in the diagram, as in SEM and any other two-dimensional representation, 
it is not possible with certainty to distinguish a crystal that actually terminates in the plane of 
the diagram from one which continues at an angle to the diagram plane. Some crystals 1 1 of 
the intermediate layer have penetrated into the support 1. As can be seen from the 
enlargement, an individual crystal 9 of the intermediate layer 2 appears to form a "seed" for a 
corresponding columnar crystal 10 of the upper layer 8. 

Fvample 16 

A membrane, fabricated according to Example 6, was mounted into a holder with connectors 
for feed, sweep and effluent streams and tested in separation of a liquid rnixture of xylenes 
and ethylbenzene. The feed mixture, which was originally liquid, was evaporated by heating, 
nitrogen gas at a flow rate of 50 ml/min being used as a diluent for the feed and as purge gas 
at the permeate side. Liquid flow rates were varied and on-line GC analysis showed the 
following results at a temperature of 150°C, atmospheric pressure and zero pressure difference 
over the membrane, the separation factor being defined as ( [permeate IVfretentate 13) / 
(fcejjneals_23/[retentate 2])- 

Liquid flow pX/mX Flux through membrane 
| [ml/hi] Sep. factor [rnrnol/m^sl 



0.8 3.1 0.033 
1.55 2.5 0.076 
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pX and mX represent para- and meta- xylene respectively. 

The same membrane was tested under the same conditions at a liquid flow rate of 1.55 ml/hr 
with a variation in pressure difference over the membrane (the pressure difference is positive 
if the pressure at the feed side is higher than that at the permeate side): 

Pressure diff . pX/mX Flux through membrane 
(bar) sep. factor (mmol/m^s) 



-0.3 


3.8 


0.081 


-0.08 


3.2 


0.11 


+0.08 


1.0 


1.5 


+0.19 


1.0 


2.6 



Example 17 

An a-alumina disk, diameter 25 mm, thickness 3 mm, pore size about 80 nm, porosity about 
30% was ultrasonically cleaned first in hexane and then in acetone, and dried at 60°C for 2 
hours. The disk was soaked in water and then covered with a colloidal silicalite zeolite sol, 
10.64% by weight solids, spun for 30 seconds at 4000 xpm, heated at 20°C/hour to 500°C and 
maintained at that temperature for 6 hours. 

The disk was clamped in a stainless steel holder and placed in a stainless steel autoclave with 
the seeded face downwards about 9 mm from the autoclave base. A synthesis mixture was 
prepared from the following components: 

NaOH 0.97 parts 

TPABr0.25 

K 2 Si0 3 15.09* " 

H2O 36. 1 1 " * In the form of an aqueous solution, Cerama-Bind 643 

A portion of the synthesis mixture was poured over the disk. The autoclave was closed and 
placed in a room temperature oven, which was then heated to 175°C, maintained there for 12 
hours, after which it was left to cool. The autoclave was opened and the disk was washed, 
dried, and after X-ray diffraction (XRD) & scanning electron micrograph (SEM) analysis, 
calcined. 

The XRD pattern of the disk is shown in Figure 6. Apart from the <x-Al203 reflexions, the 
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pattern is dominated by those with high h and k components, h being greater than k, instead of 
the 0 0 1 reflexions that dominate in a layer with c-axis CPO. The 2 1 0 reflexion is relatively 
strong. The XRD and SEM suggest a CPO with the c-axis in the plane of the structure, and 
the a-axis at a high angle to the plane of the membrane. 

Examples 18 & 19 

In Example 18, the procedure of Example 17 was followed, except that the seed layer was 
formed by spin- coating a mixture of Cerama-Bind 643 and colloidal silicalite seeds, and 
curing in two steps, at 90°C and 148°C. In Example 19, the Example 17 procedure was 
followed, except that the seed layer was formed by spin-coating a 1:1 mixture of colloidal 
silicalite seeds and colloidal alumina, and calcining at 600°C for 24 hours. 

In each case, the XRD pattern is dominated by 2h k o reflexions, and there is no c-axis 
reflexion. 

Example 20 

An a-alumina disk, as described and cleaned as described in Example 17, was seeded by spin- 
coating a 1 :4 mixture of 0.5% solids colloidal alumina & 0.5% solids colloidal silicalite. 

The disk was placed in an autoclave following the procedure of Example 17 and a synthesis 
mixture of the composition given in Example 17 was poured over it. The autoclave was 
closed and heated to 140°C and maintained at that temperature for 16 hours. The resulting 
disk was washed, dried, and after XRD and SEM analysis, calcined. 

The XRD pattern (Fig.7) of the disk shows only h 0 0 peaks, indicating a pure a-axis CPO. A 
dye test showed a moderate proportion of apertures in the upper layer. When an air pressure 
of 6 bar was put on the layer face, no flow was observable. The structure was used to separate 
a xylene mixture at 360°C and a pressure differential of 0,5 bar. A p-xylene/o,m-xylene 
selectivity of 2.5 at a flux of 2.7 kg/m 2 /day was observed. 

Exmpltfl 

In this examples, the procedure of Example 20 was followed, except that the 
procedure for forming the intermediate layer was varied: 

Example 21. 4:1 colloidal zeolite:colloidal alumina mixture used as seeding layer; and 
calcined. 



The disk of 21 showed an a-axis CPO. 
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Example 22 

An a alumina disk as described in Example 17 was cleaned ultrasonically in acetone, and 
dried in air for 4 hours at 800°C The disk was then immersed in a 1:4 mixture of 0.5% 
colloidal silicalite in water, spun at 4000 rpm for 30 seconds, heated to 500°C at 20°C/hour 
and maintained at 500°C for 6 hours. 

The disk was suspended in a stainless steel autoclave with the seeded face downwards. A 
synthesis mixture was prepared as follows: 

9.4 parts of water were added to 33.25 parts of colloidal silica (Ludox AS-40) and 7.3 parts of 
KOH (87.3% purity pellets) were then added with continuous stirring to form Mixture A. To 
0.54 parts of a 49% NaOH aqueous solution were added 121.21 parts of water with stirring, 
then 2.16 parts of TPABr were added, stirring being continued until the TPABr completely 
dissolved. 22.80 parts of Mixture A were then added and the resulting mixture stirred to 
ensure homogeneity. The molar composition of the synthesis mixture was: 
10 SiO 2 :0.80 TPABr:0.33 Na 2 0:5.71 K2O:768.09 H2O 

The synthesis mixture was poured over the disk, the autoclave was closed, placed in an oven, 
heated up to 140°C and maintained at that temperature for 16 hours. The XRD pattern of the 
resulting layer, shown in Figure 9, is dominated by the 2 0 0, 4 0 0, 5 1 0, 6 0 0, 8 0 0 and 10 
0 0 reflexions, indicating a strong a-axis CPO of MFI crystals. 



Exampte 23 

A synthesis mixture is prepared similar to the Examples 1 to 16, using 3.54 g TPABr, 0.45 
g NaOH, 37.89 g colloidal silica (Ludox AS-40, Dupont) and 130.45 g H2O. An alpha- 
alumina disk is prepared, cleaned and spincoated with colloidal silicalite crystals similar to 
the Examples 1 to 16. Immediately after spincoating, the disk is submerged in a 0.01 N 
CaCl2 solution for 5 minutes. The disk is taken out of the CaCl2 solution, placed in the 
spincoater and spun for 5 seconds at 4000 rpm to remove excess solution. Immediately 
afterwards the disk is placed in a stainless steel autoclave in an inverted orientation, and 
synthesis mixture is poured into the autoclave until the disk is submereged. The autoclave 
is closed, heated to 175°C in 30 minutes, kept at 175°C for 24 hours and left to cool down. 
The disk is removed from the autoclave, washed and calcined. The XRD diffractogram of 
the resulting layer is given in Figure 9. The diffractogram is dominated by the MFI-002 
reflection, while the other reflections are MFl-hki reflections with high I compared to h,k. 
This is consistent with a strong c-axis CPO. The autoclave shows much less material 
deposited on the bottom of the autoclave compared to syntheses performed without the 
CaClj treatment, indicating that fewer seed crystals have come loose from the 
intermediate layer to further grow and settle on the autoclave floor. 
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CLAIMS; 

1. A structure comprising a support, an intermediate layer, and an upper layer, the 
intermediate layer comprising a crystalline molecular sieve having a crystal size of at most 1 
Urn, and the upper layer comprising a crystalline molecular sieve of crystals having at least 
one dimension greater than the dimensions of the crystals of the intermediate layer. 

2. A structure comprising a support, an intermediate layer, and an upper layer, the 
intermediate layer comprising a crystalline molecular sieve having a crystal size of at most 1 
jim, and the upper layer comprising a crystalline molecular sieve in which at least 75 % of the 
crystals at the uppermost face extend to the interface between the upper and intermediate 
layers. 



3. A structure comprising a support, an intermediate layer, and an upper layer, the 
intermediate layer comprising a crystalline molecular sieve having a crystal size of at most 1 
jun, and the upper layer comprising a crystalline molecular sieve the crystals of which have a 
ciystallographically preferred orientation (CPO) or shape preferred orientation (SPO) or a 
combination of CPO and SPO. 

4. A structure as claimed in claim 1 or claim 2, wherein the crystals of the upper layer 
have a crystallographic preferred orientation. 

5. A structure as claimed in claim 1 or claim 3, wherein at least 75 % of the crystals at 
the uppermost face of the upper layer extend to the interface between the upper and 
intermediate layers. 

6. A structure as claimed in claim 2 or claim 3, wherein the crystals of the upper layer 
have at least one dimension greater than the dimensions of the crystals of the intermediate 
layer. 

7. A structure as claimed in claim 1, wherein the crystals of the upper layer have a 
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crystallographic preferred orientation and at least 75 % of the crystals at the uppermost face of 
the upper layer extend to the interface between the upper and intermediate layers. 

8. A structure as claimed in claim 7, wherein the crystals of the upper layer are columnar. 

9. A structure as claimed in any one of claims 1 to 8, wherein, when viewed by SEM, at 
least 75 % of the grain boundaries in the upper layer are, at least in the region of the 
uppermost face, within 25° of normal to the layer plane. 

10. A structure as claimed in any one of claims 3, 4, and 7, wherein the CPO parameter 
has a value of at least 50. 

11. A structure as claimed in any one of claims 1 to 10, wherein the intermediate layer is 
substantially free from defects greater than 4 nm in cross section extending through its 
thickness. 

12. A structure as claimed in any one of claims 1 to 1 1, wherein the crystal size of the 
molecular sieve in the intermediate layer is at most 300 nm. 

13. A structure as claimed in any one of claims 1 to 10, wherein the upper layer is 
substantially free from defects greater than 4 nm in cross section extending through its 
thickness. 

14. A structure as claimed in any one of claims 1 to 13, wherein the upper layer has a 
thickness within the range of from 0.1 to 150 \im. 

15. A structure as claimed in claim 14, wherein the thickness is within the range of from 
0,5 to 40 nm. 

16. A structure as claimed in claim 14, wherein the thickness is within the range of from 
0.5 to 20 nm. 

17. A structure as claimed in any one of claims 1 to 16, wherein the intermediate and 
upper layers are of an MFI zeolite. 

18. A structure as claimed in claim 17, wherein the crystals have a CPO in which the c- 
axis extends in the direction of the upper layer thickness. 



19. A structure as claimed in claim 17, wherein the crystals have a CPO in which an axis 
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other than the c-axis extends in the direction of the upper case thickness. 

20. A structure as claimed in claim 19, wherein the a-axis extends in the direction of the 
upper layer thickness. 

21 . A structure as claimed in claim 19, wherein the 2 1 0 zone axis extends in the direction 
of the upper layer thickness. 

22. A structure as claimed in any one of claims 1 to 2 1 , wherein the support is porous. 

23. A structure as claimed in claim 22, wherein the support is alpha-alumina or a porous 
metal. 

24. A structure as claimed in claim 22 or claim 23, having layers as defined in any one of 
claims 1 to 21 on each side. 

25. A structure as claimed in claim 1 wherein the support is zeolite and there is no 
intermediate layer. 

26. A structure as claimed in any of the preceding claims in which the CPO is a-axis, c- 
axis or a mixture of a-axis and c-axis. 

27. A process for the manufacture of a molecular sieve layer on a support, which 
comprises applying molecular sieve crystals of particle size at most 1 nm to the support, or 
forming such crystals on the support, contacting the resulting coated support in a molecular 
sieve synthesis mixture and subjecting the mixture to hydrothermal treatment. 

28. A process for the manufacture of a molecular sieve layer on a support, which 
comprises applying molecular sieve crystals of particle size at most 1 nm to the support, or 
forming such crystals on the support, and contacting the resulting coated support in an 
aqueous molecular sieve synthesis mixture containing a source of silicon and a source of 
potassium having molar ratios of components, expressed in terms of oxides, as follows: 

K20:SiC>2 - 0.1 to 0.65:1 preferably 0.1 to 0.25 :1 
H2O:SiO2-20to200:l 

Na20:Si02 - 0 to 0.175 :1 preferably 0 to 0.033 :1 
the synthesis mixture optionally also containing a structure directing agent and sources of 
other elements, and subjecting the mixture to hydrothermal treatment. 



29. A process for the manufacture of a molecular sieve layer on a support, which 
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comprises applying molecular sieve crystals of particle size at most 1 \im to the support, or 
forming such crystals on the support, contacting the resulting coated support in an aqueous 
molecular sieve synthesis mixture and subjecting the mixture to hydrothermal treatment at 
below 150°C. 



30. A process for the manufacture of a molecular sieve layer on a support, which 
comprises applying molecular sieve crystals of particle size at most 1 \xm to the support, or 
forming such crystals on the support, contacting the resulting coated support in an aqueous 
molecular sieve synthesis mixture containing at least a source of silicon and a source of 
potassium and optionally also a structure directing agent and a source of at least one other 
element, the molar ratios of components, expressed in terms of oxides, being as follows: 

K 2 0:Si02 - 0.1 to 0.65:1 preferably 0.1 to 0.25 :1 
H 2 O:SiO2-20to200:l 

Na20:Si02 - 0 to 0.175 :1 preferably 0 to 0.033 :1 
and subjecting the mixture to a hydrothermal treatment at a temperature below 150°C. 

31. A process as claimed in any one of claims 27 to 30, wherein the particle size is at most 
300 nm. 

32. A process as claimed in any one of claims 27 to 3 1 , wherein the support is porous. 



33. A process as claimed in claim 32, wherein a barrier layer is applied to the porous 
support before the crystals are applied. 

34. A process as claimed in claim 33 , wherein the barrier layer is water. 

35. A process as claimed in any one of claims 27 to 34, wherein the support is planar and 
crystals are applied by spin-coating. 

36. A process as claimed in any one of claims 27 to 34, wherein the support is three- 
dimensional and the crystals are applied by dip-coating, wash-coating, spray- coating, slip- 
casting or brushing. 

37. A process as claimed in any one of claims 27 to 36, wherein the molecular sieve 
crystals are applied to or formed on the support in admixture with silica. 

38. A process as claimed in any one of claims 27 to 37, wherein the synthesis mixture 
comprises colloidal silica, an organic structure directing agent and a source , of any other 
components of the zeolite. 
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39. A process as claimed in any one of claims 27 to 38, wherein the synthesis mixture has 
a pH within the range of from 6 to 13. 

40. A process as claimed in claim 38 or claim 39, wherein the synthesis mixture also 
comprises seed crystals. 

41. A process as claimed in any one of claims 27 to 40, wherein the hydrothermal 
treatment is carried out for from 1 hour to 14 days. 

42. A process as claimed in any of the precceding claims wherein the nucleation density of 
the intermediate layer is controlled. 

43 The product obtainable by the process as claimed in any one of claims 27 to 42. 

44. A process for the separation of a fluid mixture which comprises contacting the mixture 
with a structure as claimed in any one of claims 1 to 26 and 43, under conditions such that at 
least one component of the mixture has a different steady state permeability through the layer 
from that of another component and recovering a component or mixture of components from 
the other face of the layer. 



45. A process for catalysing a chemical reaction which comprises contacting a feedstock 
with one face of a structure as claimed in any one of claims 1 to 26 and 43, which is in active 
catalytic form or which is in close proximity to or in contact with a catalyst, under catalytic 
conversion conditions and recovering a composition comprising at least one conversion 
product. 

46. A process for catalysing a chemical reaction which comprises contacting a feedstock 
with one face of a structure as claimed in any one of claims 1 to 26 and 43, that is in the form 
of a membrane and in active catalytic form or in close proximity to or in contact with a 
catalyst, under catalytic conversion conditions, and recovering from an opposite face of the 
layer at least one conversion product, advantageously in a concentration differing from its 
equilibrium concentration in the reaction mixture. 

47. A process for catalysing a chemical reaction which comprises contacting one reactant 
of a bimolecular reaction with one face of a structure as claimed in any one of claims 1 to 26 
and 43, that is in the form of a membrane and in active catalytic form, under catalytic 
conversion conditions, and controlling the addition of a second reactant by diffusion from the 
opposite face of the structure. 



WO 96/01683 



32 



PCT/EP95/02704 



48. A zeolite membrane comprising a crystalline molecular sieve having crystals with 
crystallographically preferred orientation (CPO) a shape preferred orientation (SPO) or a 
combination of CPO and SPO. 

49. A membrane as claimed in claim 48 wherein the CPO is a-axis. 

50. A membrane as claimed in claim 48 wherein the CPO is c-axis. 
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